a2 United States Patent

Desmet et al.

US009315805B2

US 9,315,805 B2
Apr. 19, 2016

(10) Patent No.:
(45) Date of Patent:

(54) ALPHABODY LIBRARIES AND METHODS
FOR PRODUCING THE SAME

(75) Inventors: Johan Desmet, Kortrijk (BE); Ignace
Lasters, Antwerpen (BE); Maria
Henderikx, Hasselt (BE); Anita
Wehnert, Boorsem-Maasmechelen (BE)

(73) Assignee: Complix SA, Luxembourg (LU)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 369 days.

(21) Appl. No.: 13/994,003
(22) PCTFiled:  Jan. 6,2011
(86) PCT No.: PCT/EP2011/050135

§371 (D),

(2), (4) Date:  Jun. 13,2013

(87) PCT Pub. No.: W02012/092970
PCT Pub. Date: Jul. 12, 2012

(65) Prior Publication Data
US 2014/0066601 A1 Mar. 6, 2014

(51) Imt.ClL
C40B 50/06 (2006.01)
CI2N 15/10 (2006.01)
CO7K 14/00 (2006.01)
CO7K 16/24 (2006.01)
CO7K 16/00 (2006.01)
C40B 50/12 (2006.01)

(52) US.CL
CPC .......... CI2N 15/1055 (2013.01); CO7K 14/001

(2013.01); CO7K 16/00 (2013.01); CO7K
16/244 (2013.01); CI2N 15/1037 (2013.01);

p

T T,

CO7K 2317/33 (2013.01); CO7K 2318/20
(2013.01); C40B 50/12 (2013.01)

(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited

FOREIGN PATENT DOCUMENTS

CN 1458166 A 11/2003

EP 2161278 Al 3/2010

WO W02009/030780 A2 3/2009

WO WO02010/066740 Al 6/2010
OTHER PUBLICATIONS

International Preliminary Report on Patentability, PCT/EP2011/
050135, dated Jul. 6, 2013, 7 pages.

Efimov, et al: Fibritin Encoded by Bacteriophage T4 Gene wac has a
Parallel Triple-stranded alpha-Helical Coiled-coil Structure; J Mol
Biol; 1994, vol. 242, pp. 470-486 XP002523719.

Herman, et al: The Trp Cage Motif as a Scaffold for the Display of a
Randomized Peptide Library on Bacteriophage T7; J. Biol Chem,
2007, vol. 282, No. 13, pp. 9813-9824.

Primary Examiner — Christian Boesen
(74) Attorney, Agent, or Firm — Lathrop & Gage LLP;
James H. Velema; Andrew T. Wilkins

(57) ABSTRACT

The invention provides single-chain Alphabody library com-
prising at least 100 different-sequence single-chain Alpha-
body polypeptides, wherein said Alphabody polypeptides
differ from each other in at least one of a defined set of 5 to 20
variegated amino acid residue positions, and wherein at least
70% but not all of said variegated amino acid residue posi-
tions are located either in the loop, helix surface or linker
region of the Alphabody. The invention further provides
methods for use of the Alphabody libraries and Alphabodies
obtainable by the methods of the invention.

5 Claims, 18 Drawing Sheets




U.S. Patent Apr. 19,2016 Sheet 1 of 18 US 9,315,805 B2




US 9,315,805 B2

Sheet 2 of 18

Apr. 19,2016

U.S. Patent

(T:ON 01 DHS) dIWMAIOMOIYYION
. OIVYIONOIHTISHOSODOSDODSDD0SODLINA TT0d
memmewmma Y IONOIHE I SHOSD0D599D8 _

LA L OO IV IO 0TIV IO O AR IS
T an 3
I WA IOND IVY IO IVY IDNOINAT cSuH
S
WOSD9D
i B RED <l
HHSDOL
T WA IOND IVY I ONO IYY IDNOIHAT ZSuH
g
WOSH9D
t $HO5H55 Tl
55SHD] ‘ .
I WA IOND IV IOND IV IONOI AT T 1S¥H
I S N
ON _
ar P ® P ¥ p e p ¥ 9T £I0g¥os
0Hs




US 9,315,805 B2

Sheet 3 of 18

Apr. 19,2016

U.S. Patent

ve "bid

_ (€ _*ON aI_DES) (I11d) -HYdOHHHEHHEYYYDOSDOdL
W= IONXIYX 103X IVXI0A0I B ISHD5DDDSDDDSDDDSDOLN
YAIOMOIVYIOA0IVVIONOI AR I SHOSODDSDDDSDDDSDOLIIX

ATXIDIXYIXEDIXY IO THA T SWEADYYTTTIDVYYIATIANKN 1104
(utezoxd 1114) 1TId
HY
IOHHHHHEEVYYODSHOAL 0
WYX IDNXIVXIDEXIVXIONOIEAI £S48
g
HOSDHODSDHNOSDHODSHOL i
HYAIDNOIVYIONDIVYIONOIRNT ZSHE
o
HOSDODSDNDSHNHDSODL T
HXE IO IXYIXEDIXYIXIOTAET TSHE
SWYd
SYVTTTIOVYYIATTAN N

|%

2 p ®

TIO¥ qUIos




US 9,315,805 B2

g¢ "bi4

(¢ *ON QI O#S) (IIId) -IVIDHHHH
HHYVYDDSODdLNTX I OEXIVX IO I00IAWDSDDDSD00s
DHOHDSOOLWNYAIONOIVYIOND IO ITHDSOHDOSDODEHDDSH

Sheet 4 of 18

Apr. 19,2016

U.S. Patent

OLWXAIXED IXT IO IDO IARYIOYYTTTIOVYY LA TIANH TN

{utsjoxd IIId) 111d
HYYOHHEHHHYYYODSDOAL o)
WY IOIXIVXIONDIONI €SuH
INHSHDNSHOHSOHHOSHD, Al
WYAIOMDIVYIOUDIONI ZS¥H
IROSDODSHDHEDNDSHDL 17
WXAIXADIXNYINIBIOOT TS¥H
ANYAOYY T TTIOYYY.LA TTANN N
p ® p B D E
LOY (T8




US 9,315,805 B2

Sheet 5 of 18

Apr. 19,2016

U.S. Patent

¢ "bi4

(S:ON a1 BES) (IIId)-HY¥OHHHHHHYYYDDSDDIINXX
[OXDIXXIOXDIXX IOXO I HEI SHOSODDSDODSODDSDDLINYA
IOHDIVYIOH0IVYIONOI HE I SHOSOODSHDDSODDSDOINYA

IONOIVYIONDIVY IONOT A8 T SHYASYYTTTIOVYYIATTIAMA TTINA
(utszoxd 171d) 1114
"y
AOHHHHHEYYYEDSODAL D
WXHTORDIXK IOXOIRXKIDKOIAAT £5uH
S
WOSDHOHSDNHSOHHNSHNL Al
WYAIOMOIVYIONOIVYIONDIEAI ZSuH
g
WOSDODSONHSHNNSHDL T
WYX IOMOTYYIOIOIVYIONOIEHT TSHH
SWYd
OV T TTIONYY. LA TIAMH N
P & P ¥ p B D B
60 qIIOs




US 9,315,805 B2

Vi "Bi4

(¥ *ON OI 0HS) (ITId)

- HYOHHHEHEYYYODSO0d INYX IONX IV IOE

XIYXIONO IOE I SHNSHONHSHDEDNNDESLNYA TTHDTYY

OO IYY ISMD NI I SODOSDDSHDDOSHNSHNLNX A T30
IXYIRAD I XY IO IR SOOVADVYTTTIOVYYIATIANN TTnd

Sheet 6 of 18

Apr. 19,2016

(utsjoxd I1Id) I11d
AYAOHH
HHHEVYYODSDOAL D
WYX TOMXTYX IDAXIVXIONOIORT £SHH
SHOSH
HHHSDOSINONSHL A
WEAIOIO IVYIDOIVYIONDIOET ZSuH
SODOS
HHSHNODSHDSHDL 11
WXAIXAG TNV IXAD IXYIOIOIOET TSHE
SHOYAOVYT
TTIOVYY IETTAN N
P e v e p e p e
AQTIOY qrIos

U.S. Patent



US 9,315,805 B2

gy "bi4

(9 ON I 0F8) (IT1d) -HAVEDH
HHHHHYVYDD SOOI INYX IOXK I¥R IOXXIYX IOMDIDHISD0SD
OODSOINYA IO TYY IO IVY IOND IO I SDOOSHOSHOINT A
TXIDIXYIXADIXYIXND IO I SOOVAOVY T TTIOVYYLA TN 110

Sheet 7 of 18

Apr. 19,2016

(ursjoad II11d) 1114
qY
YOHHHHHHVYYODSD9dL 0
WYX IOMXIVXIOXXIVXIONOIONI €SuH
SDDSDODDSHL 21
WYAIOMOTYVIONOIVYIONDIOAT ZSuH
SODD899890L 11

WYATXIDIXYIXEDIXYIXNOIONT IS¥H
SHOYd
OV T IOV LA TTAMN N
p ¥ p e P e p e

ZIOY gIros

U.S. Patent



US 9,315,805 B2

Sheet 8 of 18

Apr. 19,2016

U.S. Patent

oF b4

{L:ON QI 0dF€) (IIId)-EVIDHHHEHEYYYD

WYA TONO VY 10RO VY IDNG TR T SWYdOVYTTTIOVYYIATIANN 1104
(utedoad 1114d) ITId
q
VIDHHHHHHYYYDOSDOAL D
WYATONOIVYIOHOIVVIIOTAET €SIH
SHOSHHHOSHDSHDOOTOL Z1
WX IO XX IO TR IONMOTHET  Z9uH
SWDDSDOSDODOTOOTOL 1
WYAIOMOIVYIORDIVYIDIOTART TSNH
SHY
GOVYTTTIOVYY.LA TTANNA N

P ® D B P B P oE

0TIg qI7I08




US 9,315,805 B2

Sheet 9 of 18

Apr. 19,2016

U.S. Patent

(e ou} sfieyd w 0} sue
LDV Grios 16 % g seuer
60 G0 1L g seue

LLOY GI0s i - | ssue

A

Zd
§6

0




U.S. Patent Apr. 19, 2016 Sheet 10 of 18 US 9,315,805 B2




US 9,315,805 B2

Sheet 11 of 18

Apr. 19,2016

U.S. Patent

¥ puno.
£ puno.

Z pung)

7

0Td

UGS UOIRINS Jad sauo aaysod jo 23e3ussiag

I
AALHRRRRREN

01
174
0t
17
09
09
74
08
06
)8

sauop aatusod 30 9




US 9,315,805 B2

Sheet 12 of 18

Apr. 19,2016

U.S. Patent

vs "Bi4

AL IOHATYIIO I 1TV S 10D I0Y I SO0S00nn8OTHY A T OB TV T oW
IV IONO IO I SHODEDNSSO LN A TEO IOV IASD I AY YD IOET 9D
dIWYMIOOI I¥D IO I 10N 108 500 8DD0DS S LNY A TBYD I vy T
IYYI0HG IO I 800080080 I MY A TIND I AT AN T IV INDINE IS
dLWYAICOTIVDINS I Tve NI DN I SOnSonanSnINY AT Bub TUY THNS
IVYICAGIDEISED mwmmswasmwMhxcHﬁ@HHmonmMm I0IDEIED
AIWYLIOVATYHIOCAIYS IOV IDETSHH8D
IYVIOHOIDHIZDODSHOSDOLN &wwkmm4}4§:mmh OYIIACIDHISS
ALMNTHIDY I IYRIOTIS IVTIIIND 1D I SO0S0D0DSOLNY A T 0 Iy 1050
:a<MggvﬂgmHmgmmmummogﬁzmw4mmmwxmemmw@@MTia TOHT8E
ALY LIOVATVEIOSY IV L IO (08I 5008000050 ?amﬁmxm_mmwcxa
IV ICHD I I SO0D8008nLKNYA IS IV ITRL INY IO T0R 199
ALV IOH T IVHIOOA VY IO I 1500 800008DINTA T IID TV 1O
me4w«mwwm;m@aquw;maasammwmma4amHmm TN IIADIONISS
ALY A 10D TIVH IOV IVS 100 I0H 1500800008 O LNYA I 0ED Tvy IDUD
TYYIG mwwmemwmmmwmmfmmrmm;mmmwmmwwﬁw A¥TEulIDHTIES
ALRIMIOM L THLIDHLIYAIOUD IO I SO0SO00NSOLNTA T @memawzmm
I¥YIONCI0H I SOD0SDDSDOLNYA IOND IV IARD I IV IOND 104 TS
JLWYHIOTHNIYAIOAS IV IOUD 103189080000 m@&g@>ﬂamo“mmswma
IYYICHDI0EI SD0DSDDSODINY AL SaD IV INED T« Y+ B IBEISD
dLWNYX IOXK YR I0XR T9X IDM0 1 0E I 5005000080 INY A IO Ty 109D

e

IVVIOADIDEISDODS U@{tz&s&ﬂm%&gﬁwbhm@»x@&uﬁm(&@ 2150

DOSOLHYAIDHG Ty 1Bud

LTAI OES

31GT OES
STOT OHS

88 % ¥1CL OHS

T A
(WA Qﬁmnv

0TIQI GES
601 - O3S
L8 S CFIS

{5801 Owg)
0

€ dlqel



US 9,315,805 B2

Sheet 13 of 18

Apr. 19,2016

U.S. Patent

gt naw»\ﬁ._“\mqﬂw\v smqgmgx»a%%mv mnm
YIDEDIuvIsAlIOaIsn

ANV E 101 TV 10OV IVRITID ORI 8008505
TYYITHDI0HISODOBDOSODINYATIND I
mazaywmmHMm@HmwmeghcmuH HISHRSDOODSDINYAIONS TYYIOND
T IONOIDHTISHDDSDOSODLNYA T ANO ISV IARD IOV IANDIOHTISD
ALWTOIDITIVS INSAITHIOND IOR I SED85D0H8D) z@w”wmaMmm;@mm
ITYYICUOIOHISOHED ansagpyg@mwmmmw Hummpmﬁwran@xwm‘
ALWTAIOEATY I I0SO IV IO IR I SO08EnDSnINY A I NG Tvy 10Ul
IYYICIDIDEISHDNEDOEROINTATANDT @mmmmassﬁwuxmwcmmm
ALAYTIDDI IVAIDA S IRAIOND IO I SOOSODONSHINYAIDD IV IOD
IYYIDMCIOH I SODOSDOSOOLHTAT +O I+ IHAD IOV D108 8D
WY TIOEATVLIOSDIY » IO ICHISODSODODSOINYAIONO Iy 104D
IVYION0ICAISODOS DS DOINYA I SO IAY IMECIAYIANOIDH T SE
JIWE+IOATTYH IDSATYMITADIDATI CODSDDODSSINYAI DN Ive ITuD
Iy ICDIOATSODOSDSSDOINY A I O IV IMED I +Y I +aDI0ATIED
AIRTAIOIATCLIDDS IYMIDDIOEISOOSHNNBEOINTA IDND 1y ITND
IYY IO I0H T BEONEROSODINTAIOND T Y IGA0Tav IO I0ISD
ALAYRIOIATYHIDYDIVIIONOIOHISO0S00D0Sa LA 1B 1y I
IYYIOHOI0AISOOO800SDDINY AT O IAVIDAD IV IO 10aTSH
JIWYAIOH AUV IO+ IVAIONDI0H I SOOSDOOOSDINYAINIO ¥R IOND
Ty IONOI0RISEODEDDIDDINTA IO I NYI+BDI+YI+ND18H 150
FIRHLIONT IR I0uY TV IO IDE I 9098D000SO LNV A IDUB 1wy 1D
IFYICHOIDEISOODSDOEDOINYAISHOITYI» S0 IWYIANDIOAI8E

6% ST (8S

i}
I
-
$-3
-

28

sl

year 085

L6 ® €201 038

zeal OEs

06% 1ol Ods

0zar OES

STOT OHES

6879 81CI CHS

(ju09)
€ olqel



US 9,315,805 B2

Sheet 14 of 18

Apr. 19,2016

U.S. Patent

08 b1

SLNTTIDNNIVAISAVIVHIONG 10 1800800
TUYICHCIGH I SO0nSDDSDOINYA TAMD IS IRHD IV IODIORISS
LAY T 10T 1Y IOV I IYAIOND 10N I SHSODODSOIMY A IOID T I DN
TR IOHGT ORI SEODEDRSDOINYA TIGT IV 20T ATl 10418
ALWYA IO TN IV IONAT I DD I D I 5005000080 WY A 10D 1Yy IDND
TYYIONOIDR I SDODSDOSDOINY AL TIDIAY I DAL IAY T INCIDHISEH
LW IO I TN DS IV IOUD I0R 15008500080l W A 1 0D 1y I DD
IV IONTIGHISODDSDRSDOINY AT » M0 TSYIORGTav D INAISD
LW IOSATYI IO IVIION0 I DR IS00800008DINYA ISR TV IO9D
IRV ICNDIDEISDODSODSDOINY AT I WY ISHOINYIDIDICHISD
AL I I0ST IV IOV I 0D 108 I 8n0SDoRRSHLNYA T DRIV IDH0
TYYIOADIOHISRODSODSDBLNYAT TAD L « Y IvadIov M0 108180
AIHYSIONI IV IOAVIVAIOHDIOE ISDOSHDDOSOINYA IOHD Tyv 1IN0
IV IONOIOH I SOODSDDSORINY AT TICIGYINAC IOV IMIOIDHETIED
AIRFAIDET IVS IOV IV IOG 10E ISD05NOROSHINYA I ON 0 TYY I DaD
IRYIONCIDEISODHSDOSDOINYATMOITYIAH0IAYITIOIONISS
AIWTAIOTIIVIINSOIVI IO IOHISOOSDODOSOLMY A IOHD Ty 1IN0
IV IO IOH I SOONSHNSOOINYATIADIAYINAE0IEYIAN0I0318D
AL I DT IYR IS+ IVA 100 IDEIS0DEDDODSOINVA NG T 104D
TP IO IO ISDOSEDOSDDIRYATAND T« VISED Iy Il IOHISD
JLRYAIONL IVA IO IVA IO I DR I SORSEADDSDINYA 1IN0 TVYITND
TYY IONCI0AISDONSODSODINYATLAD MY ISADISYIANDIONISS
AINYDIOATIVIIONLIYDIOND IO 1800800008 DI RY A ITHD I IO
IYYIOND IO ISODDSHOSDDINY AT IO I AV I IO IavIniDIDI 155

DEBLHYAIONDTYY 104D
H T

!
o
o
£y

DFaI Ous

96 6501 OAS

§6% LT OAS
9501 OFS
y679 Sedl OHS
vEAI 0Es
£ECGT 088
LEdr BEs
€62 1EGL CHS

el 0Es

(ju02)
¢ alqel



US 9,315,805 B2

Sheet 15 of 18

Apr. 19,2016

U.S. Patent

a&zmwmwqu4<Mwmzum$Hcma»m&mmm SODDHSOINYA amuwamwwma €O 78OS
TYYIONDIOHISOHDOSODSONINY A IAMDI +eIvalT +y I+ DI 0N T 55

dIHYATOSAT mmim@:fmawam@;m 185 mewvuguaxachxdqﬁapmxm W01% 18 S
IV IDAGINEISODOSLOSOOINVAT IND I «YILE &wu IBIDFAT

pbxw%qmqu@szya§m I5ADTOHISDD mwmuomupg mqmawmmg 0501 DEs
4¢¢wmxoh@m;mghgmwmmweazmwwaxchwa%wmmg}munmwwma4
AIRYCIOSTIVvAIDUNIYS DI 08185050008 mmazwwHw%st¢»0%a 5901 0HES
T IO IDE L8000 DOSO0INYAT AN T IV I AHDTAYIANDIDHTED
ALWEMICBHIVS IS LIVAITNO I DA [60DEDODDSHINYA 10D mxwuma 1017 $9 OFS
Iy IO I ORI SOOO8DOSODLNYAT DI IVIANDT » L ILA0TOH T
AINTAIOYIIYLIDAYIVLI @vmwa@sanwmm@snmdwzwwwa&uqach%c LI 0ES
TV I OO IOH T SO00EDNSONINYA I SO T AV I LMD IYTODIDHISD
ALKYAIONATYIIOAYIVOIONOIOH Hﬂawmuzw¢awga@w OHOINYION 01 % oWl oS
19 IN0I0HISOO0SDOSDOLNYAT » DT IV I ARD IV IINCINAISD
&&gmem>HMm>H@mm{‘mwmmmMom";wJﬂ@, DSOINTAIDADIYYIOND SPOT OIS
I IO IOEISHONSHOSOOINYAISHD IRV TSHDI sV I ADITH ISR
ALRNYMIONRTIYIIDTOIVAIONDIORI SOHDSODODSDLINYAIONO IYVIOND 6w+ OHS
I INOI0H IS 0D0SSNSODINEA TV ITYI 80 18¥ I D103 18D
AINYAIDIAT YA IDSYIYYIONOI0A IS008DD00SDIWYA IO IvWIDD £POT DES
IYYICHOIORISODOSDOSOOIWNYAT INDIVYIAUD 1avIan0la1sy
JINTIIONTIVAIDAYIVO IOUG IORISHOSDOOOSDINVATINMO IvwIiud ‘6% Tl CHS
TYYICNGIOHISODOSODSEOINYATANO IV IAAD MY L IO IOHTSD
*mﬂM@m>fm>4mawwmaM@maHmmHo@m SOODNSDINYAIDHNIYYIOND  Le% THA CHS
YIONDIDEISDOnSODERDINE A TICI MY INEDT » ¥ 140103150 (3u09)

¢ alqel



US 9,315,805 B2

Sheet 16 of 18

Apr. 19,2016

U.S. Patent

38 "bi4

AINYAIOHIIV+ IO+ 1 IVS IONOIOAISHDSOD+DEDINY A TDUS Ty 104D
IS ITE I SOSOSEOSODLNYALTTID T+ ILBD I +Y IO I0H IS
ALY IO T TYRIDSIIVE IO+ IDH+ 8Dt SODED+DIWY A IO Ty 109+
IYYIOND I+ EI +OD0OSO0OSODINY AT IO IOVIAUDI+9IANDIOR 18D
JINYMTIOLI TYMIDNL IVEIOND I DA ISDDSDONDSBINYA 10N Ivv10uT
T I SN IO SOROSD0SDOINEA LMD INYIARD L » VI WIDIOAISD
EIWGLIORITYNIDENI v 10D IO ISE080DOLSDINYAIORD VY I0HD
TYY IO IR I SOROSO0SDOLNYAINID T+ Y IARD I WY T ARG IDRISH
EINYATOHAIYTIOIY IV 1T O I0E I8DRSDa0DSBINYAT DI Iy Dnd
I IO I DI S000S00SODINVAT * RO I+ I ARD I MY L+ IDHISD
FINV LI TvE 100G Tvs 10109 ISDOSD0ODEDINYA TOND 1Yy 10N
TYY IO IOH I SODOSDOSDOLNYATIMD IaYIMED IOV L » 010" IS
AINYIIOYAIY+I0ArI¥S IO+ 108 I800S000USDINYAL + X0 TIYYIDD
TV IOO IO T+00080DSODINVA T+ TAVINIDIDVT » M+ T+HEI+D
QIR SISO IVAIDOY IV IDHT IO ISD08DODOSBINYA TN IVYI0NHD
T IONG IO 18000800800 INYAI D 1AV IR IV IVIGIDHEISE
GIATHIONT IVE IONY IV IDM0I0T 180050000 SBIMYA TOMOI v ITND
VY IOIDINEISDONSODSODINYA I TN« VIgED ISV IOl IDATSD
FENYATIONATIY I ISAYIYO ION0 108 IS0089NONSDINVAIDND 1Yy T0¥0
TYY 0D I0F ISHODSDOSIOIRYAT HIDIIR I AUD IV TAVDIONISD
LW TIOTIATYDIOSS 1YL ISuDICH ISS95000050LNYA TG T vy 1D
IRYICNDIORISHO0SDDSDOINYA T AND I TYIAAD IOV IAND IR IS
ALY+ IO+ATYIION+ IYDIND IO 1500600008 INVATOND I Yy IOuD
I IO ITHISODOSHDSODINYAINADIIYIVADI AV I MIDIDAETSD

601 % o0 OHS
80T % 1901 OBS

901 0ES

-

T3

LOT %% 65 OHS
G019 85U OHS
LSAT BHS
IO OIS

01 % SO Od8



US 9,315,805 B2

Sheet 17 of 18

Apr. 19,2016

U.S. Patent

48 "b14

LA ITOS+ IVHIDLA IHL IO+ T+ ISE0SH0D T HOLNVA IO ey 1030
I+Y LD+ + IDRISDODSDESODIRYATON t INY T ++D 1Yy Ioul 10 150
LW IOLI IV IO v DD IO ISDOSDOODSHINYA IO IvY 10D
IV IO I0EIBOEDSOnSDOINYAISHDIMYIAED T« Y IANOIDRISE
ALNYTIDMATYLIONY IVO 1040103 I 5005000080 A 1T 1wy Il
WY IONOIDHI SOODSDOSDOINYAIEYDISYISHOIMYIANDIDALISE
ALAYHIDSYIVAICH I IvS IIDIDH I 5D080000SDINY A 18D Iy 100
IYYIONCIORISPODEDOSDOLNYAT IO IMYINAD I« YTl IDU IS
AL TIONHIYIIDAS IV 10D I0H I 8DOSHODO5DINY A IDNOTYY 109D
IYYIONDIOHISODDEDDSEOINYAIAND INY IR TV I LD D I8D
ALWYS IOR T IV TIOSY IS IOMBI0E I SEOSDODOEDINYA IO Iy Ity
I9¥IDNOINRISOODSODSDOINYATD IAY ISR TuvIaND DM Iss
FLAYMIDEATYI 1001V IONGIDH IBDO8O0D0SDINYAIOHD Ivy TN
IYYICNOICHISOODSODSDOIAVATONOINYISIDINY IO IDHISS
LW IO I IVEIOSS IV IONDI0AISDOS0O0SEDINY A IDIO TV 1D
IYRICNOIOE I SOODSDDSHDINYA IO TV IAZDIAYIIDIDHISH
JLNYTIOSATIYATICHSIVS IO 10T ISOOC0000SDINYE IO Iy 10D
IVYICNDIDHISDDOSDDSLOIWTAISHDIAYIARDIDY Tl IOHISD
AT ICITIIVHWIDTH IO IOHOIOR I SHDSEDODSDINYA TOND Ty 1 Tl
IVYIOUCIOEISENOSDOSDOINYA IO I +Y IHADISYIANDIDRISD
JIHYWIDIY IV IOoYIYNIDNOISH I SO080DODSDINY A 10R0 TYYITND
IYYIGADIORISDODSODSODINYATMO ray Ial T imnllaiss
dINYIIONATUS IONT ITEIOUDI0AIED0800D08OINT A 10O TYYIDID
Ty I0HDI0HISOONSODSDOINYATIVIDING T30 I 0WIAND 1DHIS

9,01 0HE

P L CHS

¥LOI DES

1T ¢ OAS

7401 BES

L0031 O

]

7

7119 04 OHS

111 690 OAS

8501 OES

LB0T DES

x

m

gadr 0Is

01179 Sodl Oas

(ju09)
€39l|qel



US 9,315,805 B2

Sheet 18 of 18

Apr. 19,2016

U.S. Patent

g "bi4

ALWTMIOOT IVIIDI LIV IO IR ISODEOEO0SDLAY A TOND T I DD
1Y IO I0RISHDOSDOSODINYAT IO T LY INADIYYIowd D8 185
AINTAION T IVA IDANITAIOND ICHISONSOOODSDINYATOND 1y 1 ind
IV ICADIOH I SODOSDaSDOIWYA LMD ITY I «IDTHY I T IORTISD
ALWTATOMT IVAIDATI IV« IOMDIORISODSODODSDINYAITHO IWvY 1 0xD
Y IDNGIORISODOSOOSODINYAI IO INY 1 8al I My 1D I0HISD
JLAYRION T I¥S IOYYIYs I 10d 18008000080 LY A TOUG IvyIOND
TYRITNDI0EISDOO8DD8DDINYA IO TYIRAED I AY IO IDATSD
JIWYAIDEATY I IOYYTYDIONDIOH ISDOS0000SHINYA TINOTYY IOUD
IYPIOND 108 ISDODenDSONINTAIMIDISYIDEDIsvI G IDTISD
ALY LIOHATIYMIDIS IVAIOUOIOHEISDOSDO00SOINYA IOUD Tyv IS0
IYYINOIDEISOODSODSDRINYA IWIDIMY INI0L » ¥ I AND DI ISD
AL T IO I TV TIOANTIYHNIINO 108 15008000088 WY A 10D v 104D
I¥YIMCIDEISOOOSDOSHDINYA MO IRV INADIYY LD IOHISD
ALWNTIONATVATIONDIVAIOUO IOA T SODEOOOOSDINYA TN TV IOHD
I9yIBH0I0EISOOSE008DSINEA 1D IEvINEDIAYIONDIDIISY

PR0T OHS
LTT® e8ar ¢as

L1 % TR OHS

=
O
o8]

T84 3

22

3

c8dr OZ

Fof

CT1% 6400 OHS
9L01 0HE

LT OHS
(‘3u02)
¢ o|qe]



US 9,315,805 B2

1
ALPHABODY LIBRARIES AND METHODS
FOR PRODUCING THE SAME

RELATED APPLICATIONS

This application is a 35 U.S.C. §371 filing of International
Application No. PCT/EP2011/050135, filed Jan. 6, 2011. The
entire contents of which incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted electronically in ASCII format and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Oct. 31, 2013, is named 547521CX9-
001US_SL.txt and is 105,260 bytes in size.

FIELD OF THE INVENTION

The present invention relates to the field of polypeptide
libraries and methods for the production thereof as well as to
uses of such polypeptide libraries for the development of
Alphabodies for prophylactic, therapeutic or diagnostic pur-
poses.

BACKGROUND

Antibody (-based) libraries have been extensively used in
the past for the selection and identification of proteins spe-
cifically binding to one or more target compounds of interest.

The applicability of the various types of antibody libraries
varies. For instance, immune libraries are characterized by a
high percentage of high affinity antibodies directed to a lim-
ited amount of target antigens (immunogens), as in such
libraries in vivo antibody affinity maturation has taken place
in immunized animals or human patients. Therefore, immune
libraries with a relatively small complexity are capable of
generating high affinity binders for specific antigens. How-
ever, usually, for each antigen or patient group studied, a
separate immune library has to be constructed. In addition,
for obvious ethical reasons, active immunization of humans is
not possible, and accordingly the generation of human anti-
bodies to most targets is not feasible via this approach.

On the other hand, in naive and synthetic antibody (-based)
libraries, the antibody repertoire present did not evolve
through antigen driven antibody maturation. Consequently,
the complexity of these libraries has to be very high to ensure
asufficient statistical chance that some of the antibodies in the
libraries are capable of binding to any given target with rea-
sonable or high affinity.

Antibodies are fairly large proteins and sensitive to treat-
ments like heating, freeze-thawing proteolytic cleavage and
ammonium sulphate precipitation. Also the size of antibodies
limits their modes of administration.

Accordingly, in view of the disadvantages of the antibody
scaffolds, there remains a need for alternative and improved
protein libraries (and methods for the production thereof),
which reliably yield good-quality proteins having a high
affinity and activity towards a variety of target proteins of
interest.

W02010/066740 and EP 2 161 278 describe Alphabody
structures as single-chain triple-stranded alpha-helical coiled
coil scatfolds. However, up to now ithas not been disclosed or
suggested how the Alphabody scaffolds can be manipulated
to obtain Alphabody libraries which yield a high number of
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binding partners capable of specifically binding to target mol-
ecules of interest with sufficient affinity.

SUMMARY OF THE INVENTION

The present inventors have developed new methods which
allow the generation of Alphabody libraries (referred to
herein as ‘(single-chain) Alphabody libraries of the (present)
invention’). In addition, the inventors have found that the
Alphabody libraries of the invention can be used for the
screening for and/or selection of one or more Alphabodies
that specifically bind to a target molecule of interest. Accord-
ingly, the present inventors have developed novel and
improved libraries comprising different-sequence Alphabody
polypeptides, from which binders can be isolated which bind
to a target molecule of interest with high affinity and speci-
ficity and which overcome one or more of the disadvantages
of the prior art binders. Moreover, it has been found that the
isolated Alphabody binders have several advantages over the
traditional (immunoglobulin and non-immunoglobulin)
binding agents known in the art. Such advantages include,
without limitation, the fact that they are compact and small in
size (between 10 and 14 kDa, which is 10 times smaller than
an antibody), they are extremely (thermo)stable (having a
melting temperature of more than 100° C.), and are relatively
insensitive to changes in pH and to proteolytic degradation. In
addition, the Alphabody binders isolated from the libraries
and by the methods of the present invention are highly soluble
and have a structure which is based on natural motifs but is
designed via protein engineering techniques.

An important aspect of the invention is the Alphabody
regions that are selected for introducing amino acid sequence
variation (i.e., the variegated Alphabody regions) in the
Alphabody libraries of the invention. As will be detailed
herein, there are different regions defined for a folded Alpha-
body scaffold structure, i.e. the “helix surface”, “groove” and
“loop” regions and each has its own intrinsic three-dimen-
sional (3-D) shape in. For example, an Alphabody groove will
intrinsically have an (elongated) concave shape, a helix sur-
face will intrinsically have an (elongated) convex shape, and
a linker fragment will intrinsically have a flexible (variable)
shape. Alphabodies are unique in this respect, since they are
the only scaffold molecules which unite a groove, helix sur-
face and flexible linker fragment (orloop) in one and the same
scaffold structure.

The present inventors have however considered the con-
struction of Alphabody libraries wherein the introduced
sequence variation is not exclusively confined to one particu-
lar area.

Accordingly, in one aspect the present invention provides
single-chain Alphabody libraries comprising at least 100 dif-
ferent-sequence single-chain Alphabody polypeptides,
wherein the said Alphabody polypeptides differ from each
other in at least one of a defined set of 5 to 20 variegated amino
acid residue positions, and wherein at least 70% but not all of
the variegated amino acid residue positions are located either:

(1) at heptad e-positions in a first alpha-helix of the Alpha-

body polypeptides and at heptad g-positions in a second
alpha-helix, parallel to the first alpha-helix, and option-
ally at heptad b-positions in the first alpha-helix of the
Alphabody polypeptides and/or at heptad c-positions in
the second alpha-helix of the Alphabody polypeptides,
or

(i) atheptad b-, c- and f-positions in one alpha-helix of the

Alphabody polypeptides, or

(iii) at positions in a linker fragment connecting two con-

secutive alpha-helices of the Alphabody polypeptides.
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Thus, according to the present invention at least 70% but
not all of the variegated amino acid residue positions are
located in one of the regions selected from the “loop”, “helix
surface” or “linker” regions as described herein.

In certain particular embodiments, a single-chain Alpha-
body library of the invention may be a mixture of Alphabody
libraries comprising at least two different constituting librar-
ies.

In a further aspect, the present invention also provides
nucleic acid and vector libraries, which encode the single-
chain Alphabody (polypeptide) libraries of the invention or a
mixture of single-chain Alphabody libraries of the invention.

In yet a further aspect, the present invention provides
libraries of host cells, wherein each host cell comprises maxi-
mally one member of a nucleic acid or vector library, encod-
ing a single-chain Alphabody (polypeptide) library of the
invention or a mixture of single-chain Alphabody libraries of
the invention.

Inyet another aspect, the present invention provides uses of
the single-chain Alphabody libraries of the invention or uses
of mixtures of single-chain Alphabody libraries of the inven-
tion for in vitro protein evolution, such as a phage display,
yeast display, bacterial display or mRNA display.

In yet a further aspect, the present invention provides meth-
ods for the production of single-chain Alphabody libraries of
the invention, these methods comprising at least the steps of:
a) producing a nucleic acid or a vector library encoding a

single-chain Alphabody library of the invention or encod-

ing a mixture of single-chain Alphabody libraries of the
invention, and

b) expressing the nucleic acid or vector library under condi-
tions suitable for the production of the single-chain Alpha-
body library.

In certain embodiments of these production methods, the
step b) of expressing the nucleic acid or vector library, com-
prises introducing the individual members of the nucleic acid
or vector library into host cells and culturing the host cells in
a medium under conditions suitable for the production of the
single-chain Alphabody library.

In further particular embodiments, the methods for the
production of single-chain Alphabody libraries of the inven-
tion, further comprise the step of isolating the single-chain
Alphabody library produced in step b) from the host cells
and/or from the medium.

In yet a further aspect, the present invention provides for
the use of the single-chain Alphabody libraries of the present
invention in the production of single-chain Alphabody
polypeptides having detectable binding affinity for a target
molecule of interest. More particularly, the present invention
provides methods for the production of one or more single-
chain Alphabody polypeptides having detectable binding
affinity for a target molecule of interest, or detectable in vitro
activity on target proteins or cells of interest, the methods at
least comprising the steps of:

a) producing a single-chain Alphabody library according to
the invention or a mixture of single-chain Alphabody
libraries according to the invention,

b) selecting one or more single-chain Alphabody polypep-
tides having detectable binding affinity for a target mol-
ecule of interest, or detectable in vitro activity on target
proteins or cells of interest, and, optionally,

c¢) isolating the one or more single-chain Alphabody polypep-
tides.

In certain particular embodiments, the step of selecting one
or more single-chain Alphabody polypeptides having detect-
able binding affinity for a target molecule of interest, com-
prises:
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b1) contacting the target molecule of interest with a single-
chain Alphabody library according to the invention or
with a mixture of single-chain Alphabody libraries
according to the invention,

b2) identifying from the single-chain Alphabody library or

mixture of single-chain Alphabody libraries being con-
tacted with the target molecule of interest, the one or
more single-chain Alphabody polypeptides having
detectable binding affinity for the target molecule of
interest; and, optionally,

b3) determining the amino acid or nucleotide sequence of

the one or more single-chain Alphabody polypeptides
having detectable binding affinity for the target mol-
ecule of interest.

In certain particular embodiments of the methods for the
production of one or more single-chain Alphabody polypep-
tides having detectable binding affinity for a target molecule
of interest, the Alphabody library or the mixture of Alpha-
body libraries is further enriched for single-chain Alphabody
polypeptides having detectable binding affinity for the target
molecule of interest by iterative execution of contacting step
b1) and identifying step b2) of the selection.

In a further aspect, the present invention also provides
single-chain Alphabody polypeptides having detectable bind-
ing affinity for a target molecule of interest, or detectable in
vitro activity on target proteins or cells of interest, wherein
these single-chain Alphabody polypeptides are obtainable by
the methods of the invention.

In yet a further aspect, the present invention provides
nucleic acids encoding the single-chain Alphabody polypep-
tides produced by the methods of the invention.

In further aspects, the present invention provides vectors
comprising the nucleic acids encoding the single-chain
Alphabody polypeptides produced by the methods of the
invention and host cells comprising the nucleic acids or vec-
tors encoding the single-chain Alphabody polypeptides pro-
duced by the methods of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Asused herein, the singular forms ‘a’, ‘an’, and the include
both singular and plural referents unless the context clearly
dictates otherwise.

The terms ‘comprising’, ‘comprises’ and ‘comprised of” as
used herein are synonymous with ‘including’, ‘includes’ or
‘containing’, ‘contains’, and are inclusive or open-ended and
do not exclude additional, non-recited members, elements or
method steps.

The recitation of numerical ranges by endpoints includes
all numbers and fractions subsumed within the respective
ranges, as well as the recited endpoints.

The term ‘about’ as used herein when referring to a mea-
surable value such as a parameter, an amount, a temporal
duration, and the like, is meant to encompass variations of
+/=10% or less, preferably +/-5% or less, more preferably
+/=1% or less, and still more preferably +/-0.1% or less of
and from the specified value, insofar such variations are
appropriate to perform in the disclosed invention. It is to be
understood that the value to which the modifier ‘about’ refers
is itself also specifically, and preferably, disclosed.

As used herein, an ‘Alphabody (of the invention)’ or
‘Alphabodies (of the invention)’ can generally be defined as
self-folded, single-chain, triple-stranded, predominantly
alpha-helical, coiled coil amino acid sequence.

The term ‘single-chain’ in ‘single-chain Alphabody’ is
therefore redundant, but usually included to emphasize the
composition of an Alphabody as a single polypeptide chain,
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as opposed to the many known occurrences of oligomeric
(e.g., trimeric) peptidic coiled coils. More particularly,
Alphabodies as used in the context of the present invention
can be defined as amino acid sequences, polypeptides or
proteins having the general formula HRS1-[.1-HRS2-[.2-
HRS3, wherein
each of HRS1, HRS2 and HRS3 is independently a heptad
repeat sequence (HRS) consisting of 2 to 7 consecutive
heptad repeat units, at least 50% of all heptad a- and
d-positions are occupied by isoleucine residues, each
HRS starts and ends with an aliphatic or aromatic amino
acid residue located at either a heptad a- or d-position,
and HRS1, HRS2 and HRS3 together form a triple-
stranded, alpha-helical, coiled coil structure; and

each of .1 and L2 are independently a linker fragment,

covalently connecting HRS1 to HRS2 and HRS2 to
HRS3, respectively, and consisting of at least 4 amino
acid residues, preferably at least 50% of which are
selected from the group proline, glycine, serine.

Asused herein, a ‘parallel Alphabody’ shall have the mean-
ing of an Alphabody (of the invention) wherein the alpha-
helices of the triple-stranded, alpha-helical, coiled coil struc-
ture together form a parallel coiled coil structure, i.e., a coiled
coil wherein all three alpha-helices are parallel.

As used herein, an ‘antiparallel Alphabody’ shall have the
meaning of an Alphabody (of the invention) wherein the
alpha-helices of the triple-stranded, alpha-helical, coiled coil
structure together form an antiparallel coiled coil structure,
i.e., a coiled coil wherein two alpha-helices are parallel and
the third alpha-helix is antiparallel with respect to these two
helices.

As will become clear from the further description herein
the invention also envisages polypeptides comprising a
sequence with the general formula HRS1-[.1-HRS2-[.2-
HRS3, but which in certain particular embodiments comprise
further groups, moieties and/or residues, which are covalently
linked, more particularly N- and/or C-terminal covalently
linked, to a basic Alphabody structure having the formula
HRS1-L1-HRS2-1.2-HRS3. These are referred to herein as
the ‘Alphabody polypeptides of the invention’.

The terms ‘heptad’, ‘heptad unit’ or ‘heptad repeat unit’ are
used interchangeably herein and shall herein have the mean-
ing of a 7-residue (poly)peptide fragment that is repeated two
or more times within each heptad repeat sequence of an
Alphabody and is represented as ‘abcdefg’ or ‘defgabce’,
wherein the symbols ‘a’ to ‘g’ denote conventional heptad
positions. Conventional heptad positions are assigned to spe-
cific amino acid residues within a heptad, a heptad unit, or a
heptad repeat unit, present in an Alphabody, polypeptide or
composition of the invention, for example, by using special-
ized software such as the COILS method of Lupas et al.
(Science 1991, 252:1162-1164; http://www.russell.embl-
heidelberg.de/cgi-bin/coils-svr.pl). However, it is noted that
the heptads or heptad units as present in an Alphabody are not
strictly limited to the above-cited representations (i.e. ‘abc-
defg’ or ‘defgabe’) as will become clear from the further
description herein and in their broadest sense constitute a
7-residue (poly)peptide fragment per se, comprising at least
assignable heptad positions a and d.

The terms ‘heptad a-positions’, “heptad b-positions’, “hep-
tad c-positions’, ‘heptad d-positions’, ‘heptad e-positions’,
‘heptad f-positions” and ‘heptad g-positions’ refer respec-
tively to the conventional ‘a’, ‘b’, ‘c’, ‘d’, ‘e’, ‘f” and ‘g’
amino acid positions in a heptad, heptad repeat or heptad
repeat unit of an Alphabody.

A ‘heptad motif” as used herein shall have the meaning of
a7-residue (poly)peptide pattern. A ‘heptad motif” of the type
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‘abedefg’ can usually be represented as ‘HPPHPPP’, whereas
a ‘heptad motif” of the type ‘defgabc’ can usually represented
as ‘HPPPHPP’, wherein the symbol ‘H’ denotes an apolar or
hydrophobic amino acid residue and the symbol ‘P’ denotes a
polar or hydrophilic amino acid residue. However, it is noted
that the heptad motifs as present in an Alphabody are not
strictly limited to the above-cited representations (i.e. ‘abc-
defg’, ‘HPPHPPP’, ‘defgabc’ and ‘HPPPHPP’) as will
become clear from the further description herein.

A ‘heptad repeat sequence’ (‘HRS’) as used herein shall
have the meaning of an amino acid sequence or sequence
fragment consisting of n consecutive heptads, where n is a
number equal to or greater than 2.

In the context of the single-chain structure of the Alpha-
bodies (as defined herein) the terms ‘linker’, ‘linker frag-
ment’ or ‘linker sequence’ are used interchangeably herein
and refer to an amino acid sequence fragment that is part of
the contiguous amino acid sequence of a single-chain (mono-
meric) Alphabody, and covalently interconnects the HRS
sequences of that Alphabody.

In the context of the present invention, a ‘coiled coil’ or
‘coiled coil structure’ shall be used interchangeably herein
and will be clear to the person skilled in the art based on the
common general knowledge and the description and further
references cited herein. Particular reference in this regard is
made to review papers concerning coiled coil structures, such
as for example, Cohen and Parry Proteins 1990, 7:1-15; Kohn
and Hodges Trends Biotechnol 1998, 16:379-389; Schneider
etal Fold Des 1998, 3:R29-R40; Harbury et al. Science 1998,
282:1462-1467; Mason and Arndt Chem Bio Chem 2004,
5:170-176; Lupas and Gruber Adv Protein Chem 2005,
70:37-78; Woolfson Adv Protein Chem 2005, 70:79-112;
Parry etal. J Struct Biol 2008, 163:258-269; McFarlane et al.
FEur J Pharmacol 2009, 625:101-107.

An ‘alpha-helical part of an Alphabody’ shall herein have
the meaning of that part of an Alphabody which has an alpha-
helical secondary structure. Furthermore, any part of the full
part of an Alphabody having an alpha-helical secondary
structure is also considered an alpha-helical part of an Alpha-
body. More particularly, in the context of a binding site, where
one or more amino acids located in an alpha-helical part of the
Alphabody contribute to the binding site, the binding site is
considered to be formed by an alpha-helical part of the Alpha-
body.

A “solvent-oriented’ or ‘solvent-exposed’ region of an
alpha-helix of an Alphabody shall herein have the meaning of
that part on an Alphabody which is directly exposed or which
comes directly into contact with the solvent, environment,
surroundings or milieu in which it is present. Furthermore,
any part of the full part of an Alphabody which is directly
exposed or which comes directly into contact with the solvent
is also considered a solvent-oriented or solvent-exposed
region of an Alphabody. More particularly, in the context of a
binding site, where one or more amino acids located in a
solvent-oriented part of the Alphabody contribute to the bind-
ing site, the binding site is considered to be formed by a
solvent-oriented part of the Alphabody.

The term ‘groove of an Alphabody’ shall herein have the
meaning of that part on an Alphabody which corresponds to
the concave, groove-like local shape, which is formed by any
pair of spatially adjacent alpha-helices within an Alphabody.

Asusedherein, amino acid residues will be indicated either
by their full name or according to the standard three-letter or
one-letter amino acid code.

As used herein, the term ‘homology’ denotes at least pri-
mary structure similarity between two macromolecules, par-
ticularly between two polypeptides or polynucleotides, from
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same or different taxons, wherein said similarity is due to
shared ancestry. Preferably, homologous polypeptides will
also display similarity in secondary or tertiary structure.
Hence, the term ‘homologues’ denotes so-related macromol-
ecules having said primary and optionally, for proteinaceous
macromolecules, secondary or tertiary structure similarity.
For comparing two or more nucleotide sequences, the ‘(per-
centage of) sequence identity’ between a first nucleotide
sequence and a second nucleotide sequence may be calcu-
lated using methods known by the person skilled in the art,
e.g. by dividing the number of nucleotides in the first nucle-
otide sequence that are identical to the nucleotides at the
corresponding positions in the second nucleotide sequence by
the total number of nucleotides in the first nucleotide
sequence and multiplying by 100% or by using a known
computer algorithm for sequence alignment such as NCBI
Blast. In determining the degree of sequence identity between
two Alphabodies, the skilled person may take into account
so-called ‘conservative’ amino acid substitutions, which can
generally be described as amino acid substitutions in which
an amino acid residue is replaced with another amino acid
residue of similar chemical structure and which has little or
essentially no influence on the function, activity or other
biological properties of the polypeptide. Possible conserva-
tive amino acid substitutions will be clear to the person skilled
in the art. Two or more Alphabodies, or two or more nucleic
acid sequences are said to be ‘exactly the same’ if they have
100% sequence identity over their entire length.

An Alphabody, polypeptide or composition of the inven-
tion is said to ‘specifically bind to’ a particular target when
that Alphabody, polypeptide or composition of the invention
has affinity for, specificity for and/or is specifically directed
against that target (or for at least one part or fragment thereof).

The “specificity’ of an Alphabody, polypeptide or compo-
sition of the invention as used herein can be determined based
on affinity and/or avidity. The ‘affinity’ of an Alphabody,
polypeptide or composition of the invention is represented by
the equilibrium constant for the dissociation of the Alpha-
body, polypeptide or composition and the target protein of
interest to which it binds. The lower the KD value, the stron-
ger the binding strength between the Alphabody, polypeptide
or composition and the target protein of interest to which it
binds. Alternatively, the affinity can also be expressed in
terms of the affinity constant (KA), which corresponds to
1/KD. The binding affinity of an Alphabody, polypeptide or
composition of the invention can be determined in a manner
known to the skilled person, depending on the specific target
protein of interest.

Itis generally known in the art that the KD can be expressed
as the ratio of the dissociation rate constant of a complex,
denoted as kOff (expressed in seconds™ or s71), to the rate
constant of its association, denoted kOn (expressed in
molar seconds™ or M~! s7!). A KD value greater than about
1 millimolar is generally considered to indicate non-binding
or non-specific binding.

The ‘avidity’ of an Alphabody, polypeptide or composition
of the invention is the measure of the strength of binding
between an Alphabody, polypeptide or composition of the
invention and the pertinent target protein of interest. Avidity is
related to both the affinity between a binding site on the target
protein of interest and a binding site on the Alphabody,
polypeptide or composition of the invention and the number
ofpertinent binding sites present on the Alphabody, polypep-
tide or composition of the invention. Binding affinities, kOff
and kOn rates may be determined by means of methods
known to the person skilled in the art. These methods include,
but are not limited to RIA (radioimmunoassays), ELISA (en-
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zyme-linked immuno-sorbent assays), ‘sandwich’ immu-
noassays, immunoradiometric assays, gel diffusion precipi-
tation reactions, immunodiffusion assays, Western blots,
precipitation reactions, agglutination assays (e.g. gel agglu-
tination assays, hemagglutination assays, etc.), complement
fixation assays, immunofluorescence assays, immunoelectro-
phoresis assays, isothermal titration calorimetry, surface
plasmon resonance, fluorescence-activated cell sorting analy-
sis, etc.

An Alphabody, polypeptide or composition of the inven-
tion is said to be ‘specific for a first target protein of interest as
opposed to a second target protein of interest” when it binds to
the first target protein of interest with an affinity that is at least
5 times, such as at least 10 times, such as at least 100 times,
and preferably at least 1000 times higher than the affinity with
which that Alphabody, polypeptide or composition of the
invention binds to the second target protein of interest.
Accordingly, in certain embodiments, when an Alphabody,
polypeptide or composition is said to be ‘specific for’ a first
target protein of interest as opposed to a second target protein
of interest, it may specifically bind to (as defined herein) the
first target protein of interest, but not to the second target
protein of interest.

An Alphabody, polypeptide or composition of the inven-
tion is said to “have detectable binding affinity for’ a protein of
interest, when it binds to that protein of interest with an
affinity higher than the detection limit of any of the methods
including but not limited to RIA (radioimmunoassays),
ELISA (enzyme-linked immuno-sorbent assays), ‘sandwich’
immunoassays, immunoradiometric assays, gel diffusion
precipitation reactions, immunodiffusion assays, Western
blots, precipitation reactions, agglutination assays (e.g. gel
agglutination assays, hemagglutination assays, etc.), comple-
ment fixation assays, immunofluorescence assays, immuno-
electrophoresis assays, isothermal titration calorimetry, sur-
face plasmon resonance, fluorescence-activated cell sorting
analysis, etc.

The ‘half-life’ of an Alphabody, polypeptide or compound
of the invention can generally be defined as the time that is
needed for the in vivo serum or plasma concentration of the
Alphabody, polypeptide or compound to be reduced by 50%.
The in vivo half-life of an Alphabody, compound or polypep-
tide of the invention can be determined in any manner known
to the person skilled in the art, such as by pharmacokinetic
analysis. As will be clear to the skilled person, the half-life
can be expressed using parameters such as the t'4-alpha,
tl2-beta and the area under the curve (AUC). An increased
half-life in vivo is generally characterized by an increase in
one or more and preferably in all three of the parameters
ti2-alpha, t¥2-beta and the area under the curve (AUC).

As used herein, the terms ‘inhibiting’, ‘reducing’ and/or
‘preventing’ may refer to (the use of) an Alphabody, polypep-
tide or composition according to the invention that specifi-
cally binds to a target protein of interest and inhibits, reduces
and/or prevents the interaction between that target protein of
interest, and its natural binding partner. The terms ‘inhibit-
ing’, ‘reducing’ and/or ‘preventing’ may also refer to (the use
of) an Alphabody, polypeptide or composition according to
the invention that specifically binds to a target protein of
interest and inhibits, reduces and/or prevents a biological
activity of that target protein of interest, as measured using a
suitable in vitro, cellular or in vivo assay. Accordingly, ‘inhib-
iting’, ‘reducing’ and/or ‘preventing’ may also refer to (the
use of) an Alphabody, polypeptide or composition according
to the invention that specifically binds to a target protein of
interest and inhibits, reduces and/or prevents one or more
biological or physiological mechanisms, effects, responses,
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functions pathways or activities in which the target protein of
interest is involved. Such an action of the Alphabody,
polypeptide or composition according to the invention as an
antagonist may be determined in any suitable manner and/or
using any suitable (in vitro and usually cellular or in vivo)
assay known in the art, depending on the target protein of
interest. In this context, the in vitro action of an Alphabody,
polypeptide or composition as an antagonist, being deter-
mined in any suitable manner and/or using any suitable in
vitro assay known in the art, is also referred to herein as ‘the
detectable in vitro (antagonistic) activity on’ a target protein
of interest.

As used herein, the terms ‘enhancing’, ‘increasing’ and/or
‘activating’ may refer to (the use of) an Alphabody, polypep-
tide or composition according to the invention that specifi-
cally binds to a target protein of interest and enhances,
increases and/or activates the interaction between that target
protein of interest, and its natural binding partner. The terms
‘enhancing’, ‘increasing’ and/or ‘activating’ may also refer to
(the use of) an Alphabody, polypeptide or composition
according to the invention that specifically binds to a target
protein of interest and enhances, increases and/or activates a
biological activity of that target protein of interest, as mea-
sured using a suitable in vitro, cellular or in vivo assay.
Accordingly, ‘enhancing’, ‘increasing’ and/or ‘activating’
may also refer to (the use of) an Alphabody, polypeptide or
composition according to the invention that specifically binds
to a target protein of interest and enhances, increases and/or
activates one or more biological or physiological mecha-
nisms, effects, responses, functions pathways or activities in
which the target protein of interest is involved. Such an action
of the Alphabody, polypeptide or composition according to
the invention as an agonist may be determined in any suitable
manner and/or using any suitable (in vitro and usually cellular
or in vivo) assay known in the art, depending on the target
protein of interest.

The inhibiting or antagonizing activity or the enhancing or
agonizing activity of an Alphabody, polypeptide or composi-
tion of the invention may be reversible or irreversible, but for
pharmaceutical and pharmacological applications will typi-
cally occur reversibly.

An Alphabody, polypeptide, composition or nucleic acid
sequence of the invention is considered to be “(in) essentially
isolated (form)’ as used herein corresponds to an Alphabody,
when it has been extracted or purified from the host cell
and/or medium in which it is produced.

In respect of the Alphabodies, polypeptides and (pharma-
ceutical) compositions, the terms ‘binding region’, ‘binding
site’ or ‘interaction site’ present on the Alphabodies, polypep-
tides or pharmaceutical compositions shall herein have the
meaning of a particular site, part, domain or stretch of amino
acid residues present on the Alphabodies, polypeptides or
pharmaceutical compositions that is responsible for binding
to a target molecule. Such binding region essentially consists
of'specific amino acid residues from the Alphabody which are
in contact with the target molecule.

An Alphabody, polypeptide or composition of the inven-
tion is said to show ‘cross-reactivity’ for two different target
proteins of interest if it is specific for (as defined herein) both
of these different target proteins of interest.

An Alphabody, polypeptide or composition of the inven-
tion is said to be ‘monovalent’ if the Alphabody contains one
binding site directed against or specifically binding to a site,
determinant, part, domain or stretch of amino acid residues of
the target of interest. In cases wherein two or more binding
sites of an Alphabody are directed against or specifically bind
to the same site, determinant, part, domain or stretch of amino
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acid residues of the target of interest, the Alphabody is said to
be ‘bivalent’ (in the case of two binding sites on the Alpha-
body) or ‘multivalent’ (in the case of more than two binding
sites on the Alphabody), such as for example trivalent.

The term ‘bispecific’ when referring to an Alphabody
implies that either a) two or more of the binding sites of an
Alphabody are directed against or specifically bind to the
same target of interest but not to the same (i.e. to a different)
site, determinant, part, domain or stretch of amino acid resi-
dues of that target, or b) two or more binding sites of an
Alphabody are directed against or specifically bind to differ-
ent target molecules of interest. The term ‘multispecific’ is
used in the case that more than two binding sites are present
on the Alphabody.

Accordingly, a ‘bispecific Alphabody’ or a ‘multi-specific
Alphabody’ as used herein, shall have the meaning of a
single-chain Alphabody of the formula (N-)HRS1-L.1-HRS2-
L2-HRS3(-C) comprising respectively two or at least two
binding sites, wherein these two or more binding sites have a
different binding specificity. Thus, an Alphabody is herein
considered ‘bispecific’ or ‘multispecific’ if respectively two
or more than two different binding regions exist in the same,
monomeric, single-domain Alphabody.

As used herein, the term ‘prevention and/or treatment’
comprises preventing and/or treating a certain disease and/or
disorder, preventing the onset of a certain disease and/or
disorder, slowing down or reversing the progress of a certain
disease and/or disorder, preventing or slowing down the onset
of one or more symptoms associated with a certain disease
and/or disorder, reducing and/or alleviating one or more
symptoms associated with a certain disease and/or disorder,
reducing the severity and/or the duration of a certain disease
and/or disorder, and generally any prophylactic or therapeutic
effect of the Alphabodies or polypeptides of the invention that
is beneficial to the subject or patient being treated.

All documents cited in the present specification are hereby
incorporated by reference in their entirety. Unless otherwise
defined, all terms used in disclosing the invention, including
technical and scientific terms, have the meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. By means of further guidance, term defi-
nitions are included to better appreciate the teaching of the
present invention.

The present inventors have identified methods for making
(i.e., constructing, producing, generating) single-chain
Alphabody libraries [herein referred to as (single-chain)
Alphabody libraries of the (present) invention’ or ‘libraries of
the (present) invention’], which libraries comprise different-
sequence Alphabody polypeptides. More particularly, the
Alphabody libraries of the present invention are essentially
random libraries, in that they comprise variegated positions at
which essentially random amino acid residues are placed. The
libraries of the present invention have the intrinsic potential of
yielding good quality Alphabodies or Alphabody polypep-
tides binding different target proteins of interest.

The present inventors have further considered the usage of
randomized Alphabody libraries wherein amino acid
sequence variation is introduced within particular, defined
regions of an Alphabody. Such particular, defined Alphabody
regions essentially correspond to either a groove, a helix
surface or a linker fragment within an Alphabody (as herein
defined). The corresponding Alphabody libraries are referred
to herein as ‘groove’ libraries, ‘helix’ (or ‘helix surface’)
libraries or ‘linker’ (or occasionally ‘loop’) libraries, respec-
tively.

An important aspect of the invention is the fact that the
Alphabody regions that are selected for introducing amino
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acid sequence variation (i.e., the variegated Alphabody
regions) each have their own intrinsic three-dimensional
(3-D) shape in a folded Alphabody scaffold structure. For
example, an Alphabody groove will intrinsically have an
(elongated) concave shape, a helix surface will intrinsically
have an (elongated) convex shape, and a linker fragment will
intrinsically have a flexible (variable) shape. Alphabodies are
unique in this respect, since they are the only scaffold mol-
ecules which unite a groove, helix surface and flexible linker
fragment (or loop) in one and the same scaffold structure.

In view of this unique feature, the present inventors have
considered the construction of Alphabody libraries wherein
the introduced sequence variation is not exclusively confined
to one particular area. For example, limited sequence varia-
tion may be introduced in a helix surface when constructing a
linker or loop library. Alternatively, limited sequence varia-
tion may be introduced at fully exposed helical residue posi-
tions adjacent to the variegated positions in a groove library.
Alternatively, limited sequence variegation may be intro-
duced within a linker fragment flanking variegated alpha-
helices in either a groove or helix surface library. The said
limited sequence variation outside a defined, characteristic
area (in combination with sequence variation within a
defined, characteristic area such as a groove, helix surface or
linker fragment) will be typically restricted to less than 30%
of all variegated amino acid residue positions in order to
maintain the (concave, convex or variable shape) shape prop-
erties of the characteristic area where the vast majority of
variegated residue positions are located (typically, at least
70% of all variegated positions will be located within either a
groove, a helix surface, or a linker fragment).

The inventors have also found that the Alphabody libraries
of the invention can be used for the screening for and/or
selection of one or more Alphabodies or Alphabody polypep-
tides that specifically bind to a target molecule of interest.

It has further been demonstrated that the identified and/or
isolated target-binding Alphabodies and Alphabody polypep-
tides obtained using the Alphabody libraries of the present
invention overcome one or more of the disadvantages of
target-binding molecules of the prior art. Indeed, it has been
found that the target-binding Alphabodies isolated from the
libraries of the invention can bind to the target with affinities
at least comparable to and often better than traditional bind-
ing agents. Moreover, the target-binding Alphabodies that
can be selected and isolated from the libraries of the invention
maintain the advantages that were initially identified for the
basic Alphabody scaftold structure, such as the Alphabody
scaffolds provided in WO 2010/066740 and EP 2 161 278,
including, but not limited to, a small size (between 10 and 14
kDa), extreme thermostability, high protease resistance, high
engineerability (in the sense that multiple substitutions will
generally not obliterate their correct and stable folding), and
a structure which is based on natural motifs and has been
redesigned via protein engineering techniques. Finally, the
possibility of using Alphabody scaffold libraries having dif-
ferent intrinsic shapes solves the technical problem of (a lack
of) intrinsic shape complementarity between a scaffold
library (from which good binders have to be retrieved) and
target molecules in general (which may be very diverse in
shape). Also, the optional usage of combinations or mixtures
of Alphabody libraries of different intrinsic shape may aid in
solving the technical problem of (a lack of) intrinsic shape
complementarity with a target molecule of interest.

As a main object, the present invention provides single-
chain Alphabody libraries. These single-chain Alphabody
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libraries of the invention are characterized in that they com-
prise a collection of different-sequence single-chain Alpha-
body polypeptides.

The different-sequence Alphabody polypeptides com-
prised in the libraries of the present invention are character-
ized in that these polypeptides differ from each other in a
defined set of variegated amino acid residue positions.
Accordingly, the term ‘different-sequence’ refers to the
occurrence of sequence variation or sequence differences in a
defined set of amino acid residue positions between two or
more Alphabody polypeptides of the libraries of the inven-
tion.

A library or collection of Alphabody sequences may con-
tain any suitable number of different Alphabody sequences,
such as at least 2, at least 5, at least 10, at least 50, at least 100,
at least 1000, at least 10,000, at least 10°, at least 10, at least
107, at least 10® at least 10° or more different-sequence
(single-chain) Alphabodies.

More particularly, a library or collection of different
Alphabody sequences according to the present invention con-
tains at least 100 different-sequence Alphabody polypep-
tides, such as at least 200, at least 300, at least 400, at least
500, such as at least 1000, at least 10000, at least 10°, at least
108, at least 107, at least 10®, at least 10° or more sequences.

In particular embodiments, a set, collection or library (as
used interchangeably herein) of Alphabody sequences of the
present invention contains at least 100 different-sequence
Alphabody polypeptides.

In addition, the single-chain Alphabody libraries of the
invention are characterized in that the different-sequence
single-chain Alphabody polypeptides comprised in those
libraries differ from each other in at least one of a defined set
of variegated amino acid residue positions.

Accordingly, in particular embodiments, the different
Alphabody sequences, also referred to herein as different-
sequence (single-chain) Alphabodies, comprised in the
libraries of the invention, only differ from each other in a
defined, i.e., fixed or predetermined, set of amino acid residue
positions.

Such a defined set of variegated amino acid residue posi-
tions consists of a number of particular amino acid residue
positions, which are characterized by variety or diversity of
amino acid residue types when the different-sequence
(single-chain) Alphabodies within the produced library are
compared to each other.

The notion ‘variegated amino acid residue position’, when
referring to a library of different-sequence Alphabodies,
refers to an amino acid residue position at which at least two
different amino acid residue types (amino acid residues of a
defined type, for example natural amino acid residue types)
are located when at least two of the amino acid sequences of
the different-sequence Alphabodies from the said library of
Alphabodies are compared to each other (note that these
positions will not differ for any two different-sequence
Alphabodies of the library, but that the library comprises at
least two different-sequence Alphabodies which differ in this
amino acid residue position). A ‘set of variegated amino acid
residue positions’, when referring to a library of different-
sequence Alphabodies, refers to the set of amino acid residue
positions at which at least two different amino acid residue
types are located when at least two of the amino acid
sequences of the different-sequence Alphabodies from the
said library of Alphabodies are compared to each other (note
that these positions will not differ for any two different-
sequence Alphabodies of the library). A ‘defined set of var-
iegated amino acid residue positions’, when referring to a
library of different-sequence Alphabodies, refers to the spe-
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cific set of amino acid residue positions at which at least two
different amino acid residue types are located when all amino
acid sequences from the said library of different-sequence
Alphabodies are simultaneously compared to each other.
Thus, the simultaneous comparison of all amino acid
sequences from the said library of different-sequence Alpha-
bodies, and the identification of amino acid residue positions
at which at least two different amino acid residue types are
located in such simultaneous comparison, allows to identify
the said defined set of variegated amino acid residue positions
in an Alphabody library. It is herein submitted that a skilled
person will known how to determine the sequences in a
library of sequences such as a single-chain Alphabody library.
It is herein further understood that Alphabody sequences can
be compared both at the level of amino acid sequences or
nucleotide sequences representing (encoding) these amino
acid sequences.

A preferred method to compare two or more different-
sequence Alphabodies is based on a pair-wise or multiple
sequence alignment, generated by a known computer algo-
rithm for automated sequence alignment such as NCBI Blast.
Alternatively, two or more different-sequence Alphabodies
can be compared on the basis of a pair-wise or multiple
sequence alignment which is generated by a skilled user, such
method of alignment also being known as manual sequence
alignment. Both of the techniques of automated and manual
sequence alignment applied to different-sequence Alphabod-
ies can be based on the maximization of global sequence
identity or global sequence similarity (or homology or corre-
spondence), or on the maximization of sequence identity or
similarity of the core amino acid positions (i.e., the heptad a-
and d-positions as defined herein) of the different-sequence
Alphabodies.

Accordingly, a defined set of variegated amino acid residue
positions can be deduced from an amino acid or nucleotide
sequence comparison of all, or at least a representative subset
of all different-sequence Alphabodies in an Alphabody
library. It is also acknowledged that, upon generating an
Alphabody library, so-called unintended mutations, inser-
tions or deletions may occur. Such unintended mutations,
insertions or deletions are nucleotide or amino acid muta-
tions, insertions or deletions that occur at positions which
were not intended to be variegated at the time of designing or
generating the said Alphabody library. As will be acknowl-
edged by a skilled person, and on condition that the said
Alphabody library was generated with state-of-the-art tech-
nology, such unintended mutations, insertions or deletions
will occur only sporadically and in a scattered fashion (i.e., at
different positions) within the Alphabody library sequences.
Preferably, such unintended mutations, insertions or dele-
tions will occur at any given position with a frequency of less
than 10%, more preferably less than 5%, more preferably less
than 2%, 1%, or even less than 1%. Accordingly, unintended
mutations, insertions or deletions within an Alphabody
library can be identified on the basis of their low frequency as
compared to the variability observed at positions showing
intended sequence variation. Thus, a preferred method to
determine a defined set of variegated amino acid residue
positions within an Alphabody library of the invention, with-
out possessing knowledge about the design or production of
said library, is by determining the nucleotide or amino acid
sequences of at least a representative subset of sequences
contained within this library, followed by comparing all
determined sequences in a (preferably multiple) alignment,
followed by identifying the positions at which sequence
variation is observed, followed by identifying the frequencies
of the nucleotides or amino acid residue types observed at
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each variable position, followed by identifying the positions
having a mutation, insertion or deletion frequency higher than
a given cutoff percentage, wherein this cutoff percentage is
set at 10%, 5%, 2%, 1% or even less than 1% such as 0.5%,
0.1% or 0% (in which case all observed variations are
included in the defined set of variegated amino acid residue
positions. Alternatively, if knowledge about the original
design or production of a single-chain Alphabody library is
available, then the set of variegated amino acid residue posi-
tions is this library is preferably based on said knowledge
instead of on the analysis of the library itself. Methods to
design single-chain Alphabody libraries, including the selec-
tion of variegated positions, are described below.

Inthe libraries according to the present invention, the num-
ber of variegated amino acid residue positions in such a
defined set can range from 5 to 20 amino acid residue posi-
tions. Thus, a defined set of variegated amino acid residue
positions in a library of the invention may comprise 5 to 20,
suchas 5,6,7,8,9,10,11, 12,13, 14,15, 16,17, 18, 19, or 20,
defined variegated amino acid residue positions.

The different-sequence Alphabody polypeptides com-
prised in a library of the invention can differ from each other
in at least one amino acid residue positions of such a defined
set of 5 to 20 positions. Thus, for example when the defined
set of variegated amino acid residue positions in a library
comprises a set of 13 variegated amino acid residue positions,
the different-sequence Alphabody polypeptides in the librar-
ies of the invention can differ from each otherin 1, 2, 3,4, 5,
6,7,8,9, 10, 11, 12, or all 13 of these amino acid residue
positions. Accordingly, it is clear that the different-sequence
Alphabody polypeptide sequences comprised in a library of
the invention can be distinguished from each other by the
sequence difference(s) present in the defined set of 5 to 20
variegated amino acid residue positions, with the proviso that
additional, preferably sporadic, unintended mutations, inser-
tions or deletions may occur at positions other than those of
the defined set of variegated positions.

The Alphabody scaffold used as the basis (i.e., as reference
or template structure) for the construction of the libraries of
the present invention forms a single-chain, 3-stranded alpha-
helical coiled coil structure which is represented as HRS1-
L1-HRS2-1.2-HRS3. The heptad repeat sequences (HRS) 1, 2
and 3 each adopt an alpha-helical conformation and are
referred to as (alpha-)helices of the Alphabody. These three
helices (being present in an Alphabody) are typically referred
to as helices A, B and C, respectively.

Making use of the Alphabody single-chain coiled coil scaf-
fold, different types of Alphabody libraries can be generated,
depending on where the set of variegated amino acid residue
positions is located within the Alphabody structure. The loca-
tion of the set of variegated amino acids determines the type
and the location of the binding site that is generated on the
Alphabodies by application of the methods of the invention.
Reference can be made in this context to ‘groove libraries’
(wherein binding sites are predominantly formed by amino
acid residues located in the groove between two of the three
helices of the Alphabody), ‘helix libraries’ (wherein binding
sites are predominantly formed by amino acid residues
located at the solvent-oriented side of one of the three alpha-
helices of the Alphabody), or ‘loop libraries’ (wherein bind-
ing sites are predominantly formed by amino acid residues
located in one or more of the Alphabody linker sequences
fulfilling the role of a loop).

Libraries wherein the variegated amino acid residue posi-
tions are located exclusively (i.e., for 100%) in either a
groove, surface or linker of the Alphabody are referred to
herein as ‘pure groove’, ‘pure surface’, or ‘pure loop’ librar-
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ies. However, as will be detailed herein below, the methods
envisage the use of Alphabody libraries, which need not be
‘pure’ groove, surface or loop libraries.

In particular embodiments of the invention, Alphabody
libraries are provided wherein the variegated amino acid resi-
due positions are located predominantly in the groove
between two of the three helices of the Alphabody. In these
embodiments, in the Alphabodies comprised in a library of
the invention, the binding site for binding to a target protein is
formed predominantly by amino acid residue positions
located in the groove between two of the three alpha-helices
of the Alphabody.

Residues implicated in the formation of (the surface of) a
groove between two adjacent alpha-helices in an Alphabody
are generally located at the heptad e- and g-positions, but
some of the more exposed b- and c-positions as well as some
of the largely buried core a- and d-positions may also con-
tribute to a groove surface; such will essentially depend on the
size of the amino acid side chains placed at these positions.

Depending on the nature of the Alphabodies generated,
being folded either as parallel or antiparallel single-chain
coiled coils, the positions within the Alphabody sequence
which need to be variegated in order to obtain a groove library
will vary.

When the two spatially adjacent alpha-helices of the
Alphabody (i.e., those between which the groove for binding
is located) run parallel, as is the case for all pairs of helices in
parallel Alphabodies and for helices A and C in antiparallel
Alphabodies, then a binding site located in the groove can be
formed by variegation of at least some of the e-residues from
a first helix and at least some of the g-residues from a parallel
second helix. In addition to these residues, the binding site
may optionally further be formed by variegating residues at
b-positions in the first helix and/or residues at c-positions in
the parallel second helix. Thus, in these embodiments, in
order to obtain Alphabodies wherein the binding site is
located in a e/g-groove, the variegated amino acid residue
positions of the Alphabody libraries used in the generation of
target-specific Alphabodies are located at heptad e-positions
in a first alpha-helix of the Alphabody polypeptides and at
heptad g-positions in a second alpha-helix, parallel to the first
alpha-helix, and optionally also at heptad b-positions in the
first alpha-helix and/or at heptad c-positions in the second
alpha-helix of the Alphabody polypeptides. In particular
embodiments of the invention, it is envisaged that Alphabody
libraries are provided wherein the variegated amino acid resi-
due positions are predominantly (i.e., for at least 70%)
located at heptad e- (and optionally also b-) positions in a first
alpha-helix of the Alphabody polypeptides and at heptad g-
(and optionally also c-) positions in a second alpha-helix,
parallel to the first alpha-helix.

Alternatively or additionally, use can be made of Alpha-
body scaffolds comprising two spatially adjacent alpha-heli-
ces that are positioned antiparallel (if a binding site located in
the groove between these antiparallel helices is envisaged).
This is typically the case for helices A and B or B and C in
antiparallel Alphabodies. In these embodiments, there are
typically two possibilities for the type of variegated amino
acid residue positions that need to be variegated to ensure that
the binding site is formed by the groove between antiparallel
helices.

In a first possibility, the groove between two antiparallel
helices is formed by at least some of the e-residues from a first
helix and at least some of the e-residues from an antiparallel
second helix. Thus, in order to obtain a binding site formed
within such e/e-groove, at least these amino acid residue
positions are variegated. In addition to these residues, such a
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binding site may optionally further be formed by residues at
b-positions in the first helix and/or residues at b-positions in
the antiparallel second helix. Thus, in these embodiments, in
order to obtain Alphabodies directed against a target protein
of interest and wherein the binding site is located in a e/e-
groove, the variegated amino acid residue positions are
located at heptad e-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad e-positions in a second
alpha-helix, antiparallel to the first alpha-helix, and option-
ally also at heptad b-positions in the first alpha-helix and/or at
heptad b-positions in the second alpha-helix of the Alpha-
body polypeptides. In particular embodiments of the of the
invention, it is envisaged that Alphabody libraries are pro-
vided wherein the variegated amino acid residue positions are
predominantly (i.e., for at least 70%) located at heptad e- (and
optionally also b-) positions in a first alpha-helix of the Alpha-
body polypeptides and at heptad e- (and optionally also b-)
positions in a second alpha-helix, antiparallel to the first
alpha-helix.

In a second possibility, the groove between two antiparallel
helices is formed by at least some of the g-residues from a first
helix and at least some of the g-residues from an antiparallel
second helix. Thus, in order to obtain a binding site formed
within such g/g-groove, at least these amino acid residue
positions are variegated. In addition to these residues, such a
binding site may optionally further be formed by residues at
c-positions in the first helix and/or residues at c-positions in
the antiparallel second helix. Thus, in these embodiments, in
order to obtain Alphabodies wherein the binding site is
located in a g/g-groove, the variegated amino acid residue
positions are located at heptad g-positions in a first alpha-
helix of the Alphabody polypeptides and at heptad g-posi-
tions in a second alpha-helix, antiparallel to the first alpha-
helix, and optionally also at heptad c-positions in the first
alpha-helix and/or at heptad c-positions in the second alpha-
helix of the Alphabody polypeptides. In particular embodi-
ments of the of the invention, it is envisaged that Alphabody
libraries are provided wherein the variegated amino acid resi-
due positions are predominantly (i.e., for at least 70%)
located at heptad g- (and optionally also ¢-) positions in a first
alpha-helix of the Alphabody polypeptides and at heptad g-
(and optionally also c-) positions in a second alpha-helix,
antiparallel to the first alpha-helix.

Thus, it will be clear that parallel Alphabodies, which have
three alpha-helices each oriented parallel to one another, con-
tain three e/g-grooves. Antiparallel Alphabodies, on the other
hand, which comprise two alpha-helices that are parallel to
each other and one alpha-helix that runs antiparallel, contain
one e/g-groove, one e/e-groove and one g/g-groove. Any part
of'an Alphabody groove is also considered a groove region.

Inprinciple, ‘pure’ groove libraries are Alphabody libraries
characterized in that the variegated amino acid residue posi-
tions in such libraries are all located at heptad e- and b- or g-
and c-positions in a first alpha-helix of the Alphabody
polypeptides and at heptad e- and b- or g- and c-positions in
a second alpha-helix of the Alphabody polypeptides. It has
been found by the present inventors that Alphabody libraries
which are characterized in that the variegated amino acid
residue positions in such libraries are not exclusively but only
predominantly located at heptad e- and b- or g- and c-posi-
tions in a first alpha-helix of the Alphabody polypeptides and
at heptad at heptad e- and b- or g- and c-positions in a second
alpha-helix of the Alphabody polypeptides, generate more
and better target-specific Alphabodies. Accordingly, the
methods of the present invention specifically envisage Alpha-
body libraries wherein the variegated amino acid residue
positions in such libraries, are predominantly (i.e., for at least
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70%), but not exclusively located at heptad e- and b- or g- and
c-positions in a first alpha-helix of the Alphabody polypep-
tides and at heptad e- and b- or g- and c-positions in a second
alpha-helix of the Alphabody polypeptides. In particular
embodiments, the variegated amino acid residue positions in
the Alphabody libraries used are located for at least 70% at the
indicated groove-forming positions. In further particular
embodiments, at least one of the variegated amino acid resi-
due positions in the libraries is located outside the positions
corresponding to the heptad e- and b- or g- and c-positions in
a first alpha-helix of the Alphabody polypeptides and corre-
sponding to the heptad e- and b- or g- and c-positions in a
second alpha-helix of the Alphabody polypeptides.

Additionally or alternatively, Alphabody libraries are pro-
vided in which the binding site is formed predominantly by
the surface of one of the three helices of the Alphabody.
Accordingly, in these embodiments, Alphabody libraries are
provided in which the variegated amino acid residue positions
are located predominantly at the solvent-oriented side of one
of the three helices of the Alphabody polypeptides. Such
Alphabody libraries are referred to herein as ‘helix surface
libraries’ or ‘helix libraries’.

The amino acid residue positions considered to be at the
surface ofthe Alphabody can be located in either helix A, B or
C. In particular embodiments, the Alphabody library contains
Alphabodies in which the variegated amino acid residues
correspond to the fully solvent-exposed amino acid residues
of helix C. The most protruding and thus solvent-oriented
residues are located at b-, c- and f-positions in each of the
alpha-helices of an Alphabody. Thus, in particular embodi-
ments, the Alphabody libraries of the invention comprise
variegated amino acid residue positions that are located at
heptad b-, c- and f-positions in one alpha-helix of the Alpha-
body polypeptides.

In principle, ‘pure’ helix surface libraries are Alphabody
libraries characterized in that the variegated amino acid resi-
due positions in such libraries are all located at heptad b-, c-
and f-positions in one alpha-helix of the Alphabody polypep-
tides. It has been found by the present inventors that Alpha-
body libraries which are characterized in that the variegated
amino acid residue positions are not exclusively but only
predominantly located at heptad b-, c- and f-positions of an
alpha-helix in the Alphabody polypeptides generate more and
better target-specific Alphabodies. Accordingly, the present
invention specifically envisages Alphabody libraries wherein
the variegated amino acid residue positions in such libraries
are predominantly (i.e., for at least 70%), but not exclusively
located at heptad b-, c- and f-positions of an alpha-helix of the
Alphabody polypeptides. In particular embodiments, the var-
iegated amino acid residue positions in the Alphabody librar-
ies used are located for at least 70% at the indicated solvent-
exposed positions. In further particular embodiments, at least
one of the variegated amino acid residue positions in the
libraries is located outside the positions corresponding to the
heptad b-, c- and f-positions of an alpha-helix of the Alpha-
body polypeptides.

Additionally or alternatively, Alphabody libraries are pro-
vided in which the binding site on the Alphabodies is formed
predominantly by amino acid residue positions located in one
of'the Alphabody linker sequences interconnecting the alpha-
helices. In a parallel Alphabody, the two linkers interconnect
distal ends of the coiled coil structure (i.e., they form a link
between a helix C-terminus and a helix N-terminus located at
the opposite end). In an antiparallel Alphabody, the two link-
ers interconnect proximal ends of the coiled coil structure
(i.e., they form a link between a helix C-terminus and a helix
N-terminus located at the same end). In both types of Alpha-
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bodies, the linkers are deemed to be conformationally flex-
ible. In addition, the linkers in both types of Alphabodies are
also deemed to be flexible with respect to their amino acid
sequence. Thus, the linkers in both types of Alphabodies may
be subjected to amino acid sequence variation without sig-
nificant effects on the folding and stability of the Alphabody
coiled coil scaffold. Consequently, Alphabody ‘loop’ or
‘linker libraries’ are provided wherein sequence variegation
is introduced within the amino acid positions of any of the
linker fragments in any of the parallel or antiparallel Alpha-
body types. In particular embodiments, libraries are provided
wherein all of the amino acid residue positions of one linker
fragment are variegated. In further particular embodiments, a
selection of the residue positions located near the middle of a
linker fragment are variegated (in order not to interfere with
the alpha-helical termini). In further particular embodiments,
a selection of residue positions near one of the ends of a linker
fragment may be varied; although this increases the risk of
interference with the alpha-helical terminus, the Alphabodies
will be generally stable enough to tolerate such potential
interference. In still further particular embodiments, alternat-
ing residue positions over the partial or complete length of the
loop sequence may be variegated.

‘Pure’ linker or loop libraries are Alphabody libraries char-
acterized in that the variegated amino acid residue positions
in such libraries, are all located within a linker fragment of the
Alphabody polypeptides. It has been found by the present
inventors that Alphabody libraries which are characterized in
that the variegated amino acid residue positions are not exclu-
sively but only predominantly located at linker positions in
the Alphabody polypeptides generate more and better target-
specific Alphabodies. Accordingly, the present invention spe-
cifically envisages Alphabody libraries wherein the varie-
gated amino acid residue positions in such libraries are
predominantly (i.e., for at least 70%), but not exclusively
located in one of the linkers of the Alphabody polypeptides.
In particular embodiments, the variegated amino acid residue
positions in the Alphabody libraries provided are located for
at least 70% at positions within one of the Alphabody linker
fragments. In further particular embodiments, at least one of
the variegated amino acid residue positions in the libraries is
located outside the amino acid residue positions of a linker
fragment of the Alphabody polypeptides.

As indicated above, in particular embodiments of the meth-
ods of the invention, Alphabody libraries are provided which
are characterized in that the set of variegated amino acids
contains at least one, more particularly two or more amino
acid residue positions which are located outside, respectively,
a groove, helix surface or linker fragment of an Alphabody
such that the binding site is predominantly formed, respec-
tively, by that groove, helix surface or linker fragment. In
these embodiments, the percentage of variegated amino acid
positions within the groove, helix surface or linker fragment
of'an Alphabody having a binding site that is predominantly
formed by that groove, helix surface or linker fragment,
respectively, is less than 100%. However, the percentage of
variegated amino acid positions that is located within the
groove, helix surface or linker fragment is typically at least
70%.

Thus, in particular embodiments of the present invention,
the Alphabody libraries are not pure groove, pure surface or
pure loop libraries. More particularly, at least 70% but not all
of the variegated amino acid positions, such as for example
less than 95%, such as less than 90%, or less than 85% of the
variegated amino acid positions are located within either a
groove, a helix surface or a linker fragment of the Alphabody.
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Depending on the number of amino acid residue positions
variegated, the percentages described above will correspond
to a different number of actual amino acid residue positions.
Accordingly, as will be clear from the above, in particular
embodiments of the methods of the invention, Alphabody
libraries are provided in which for example atleast 5% (i.e., at
least 1 position of the 5 to 20 variegated positions), or par-
ticularly at least 10% (i.e., at least 1 or at least 2 positions), or
particularly at least 15% (i.e., at least 1 to at least 3 positions),
or particularly at least 20% (i.e., at least 1 to at least 4 posi-
tions), or particularly at least 25% (i.e., at least 2 to at least 5
positions), or particularly 30% (i.e., between 2 and 6 posi-
tions) of these 5 to 20 positions are located at positions other
than:
(1) at heptad e- or g-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad e- or g-positions
in a second alpha-helix, and optionally at heptad b- or
c-positions in the first alpha-helix of the Alphabody
polypeptides and/or at heptad b- or c-positions in the
second alpha-helix of the Alphabody polypeptides, such
as
(i1) at heptad e-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad g-positions in
a second alpha-helix, parallel to the first alpha-helix,
and optionally at heptad b-positions in the first alpha-
helix of the Alphabody polypeptides and/or at heptad
c-positions in the second alpha-helix of the Alpha-
body polypeptides,

or

(12) at heptad e-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad e-positions in
a second alpha-helix, antiparallel to the first alpha-
helix, and optionally at heptad b-positions in the first
alpha-helix of the Alphabody polypeptides and/or at
heptad b-positions in the second alpha-helix of the
Alphabody polypeptides, or

(13) at heptad g-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad g-positions in
a second alpha-helix, antiparallel to the first alpha-
helix, and optionally at heptad c-positions in the first
alpha-helix of the Alphabody polypeptides and/or at
heptad c-positions in the second alpha-helix of the
Alphabody polypeptides, or

(ii) at heptad b-, c- and f-positions in one alpha-helix of the
Alphabody polypeptides, or

(iii) at positions in a linker fragment connecting two con-
secutive alpha-helices of the Alphabody polypeptides.

Accordingly, the different-sequence (single-chain) Alpha-
bodies in a library differ in a defined set of 5 to 20 amino acid
residue positions, wherein, for each library, at least 70% (i.e.,
at least 4 to at least 14 positions) of these 5 to 20 positions,
such as at least 75% (i.e., at least 4 to at least 15 positions), at
least 80% (i.e., at least 4 to at least 16 positions), at least 85%
(i.e., at least 4 to at least 17 positions), such as at least 90%
(i.e., at least 5 to at least 18 positions), for example at least
95% (i.e., at least 5 to at least 19 positions), or more, such as
100% (i.e., all 5 to 20 positions) are located either:

(1) at a groove formed by or between two adjacent alpha-

helices, or

(ii) at a solvent-oriented surface of one alpha-helix, or

(iii) within one of the linker fragments interconnecting two
alpha-helices, of each the Alphabody polypeptides in the
library; more particularly these variegated positions are
located at the positions recited for each of the options
above.

It is noted that for the Alphabody libraries wherein the
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(i.e., at least 70%) in the groove, the remaining variegated
positions that are located elsewhere than at the said heptad e-,
g-, b- or c-positions may for example be located at heptad
a-positions, at heptad d-positions, at heptad f-positions or at
amino acid residue positions in the linkers of the Alphabody.
The a-positions and d-positions (also referred to as core resi-
dues) in each heptad repeat sequence of an Alphabody of the
invention are amino acid residue positions of the coiled coil
structure which form essentially the solvent-shielded (i.e.,
buried) part of the Alphabody. It is envisaged that in most
Alphabody groove libraries of the present invention, all or
some of these core residues are kept conserved in order to
maintain the stability of the Alphabodies. In these embodi-
ments, the remaining variegated positions may be located for
instance at linker residue positions or heptad f-positions.

Similarly for the Alphabody libraries wherein the varie-
gated amino acid residue positions are located primarily (i.e.,
at least 70%) at the solvent-oriented surface of an Alphabody
helix, the remaining variegated positions that are not located
at the said heptad b-, c-, or f-positions may for example be
located at heptad e-, g-, a- or d-positions or at amino acid
residue positions in the linkers of the Alphabody. As detailed
above, it is envisaged that in most Alphabody helix surface
libraries according to the present invention, all or some of the
core residues (at a- and d-positions) are kept conserved in
order to maintain the stability of the Alphabodies. In these
embodiments, the remaining variegated positions may be
located for instance at heptad e- or g-positions or at linker
residue positions.

Finally, for the Alphabody libraries wherein the variegated
amino acid residue positions are located primarily (i.e., at
least 70%) within a linker fragment of the Alphabody, the
remaining variegated positions that are not located within the
linker fragment may for example be located at heptad e-, g-,
f-, b-, c-, a- or d-positions or at amino acid residue positions
in the other of the two linker fragments of the Alphabody.
Again, the a-positions and d-positions in each heptad unit of
an Alphabody will in some embodiments not be varied to
ensure stability. In these embodiments, the remainder of the
variegated amino acid residue positions may be located at
heptad e-, g-, f-, b-, or c-positions or at amino acid residue
positions in the other of the two linker fragments of the
Alphabody.

When referring to variegated amino acid residue positions
located within the groove formed by or between two adjacent
alpha-helices of each of the Alphabody polypeptides, it is
meant that these variegated amino acid residue positions are
located within one and the same groove, i.e., a groove formed
by the two same adjacent alpha-helices, in each of the Alpha-
body polypeptides comprised in a library. Similarly, when
referring to variegated amino acid residue positions located
within one alpha-helix of the Alphabody polypeptides, it is
meant that these variegated amino acid residue positions are
located within one and the same alpha-helix, in each of the
Alphabody polypeptides comprised in a library. Also, when
referring to variegated amino acid residue positions located at
positions within a linker fragment interconnecting two con-
secutive alpha-helices, it is meant that these variegated amino
acid residue positions are located within one and the same
linker fragment interconnecting two consecutive alpha-heli-
ces in each of the Alphabody polypeptides comprised in a
library.

However, it can be envisaged that different groove, surface
or loop libraries are combined for use e.g. in the development
of Alphabodies against a specific target. More particularly, it
can be envisaged that a helix surface library comprising var-
iegated amino acid positions primarily located on the surface
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ot’helix Cis combined with a helix surface library comprising
variegated amino acid positions primarily located on the sur-
face of helix A and/or with a helix surface library comprising
variegated amino acid positions primarily located on the sur-
face of helix B. Similarly, it can be envisaged that a groove
library comprising variegated amino acid positions primarily
located within a e/g-groove is combined with a groove library
comprising variegated amino acid positions primarily located
within a e/e-groove and/or with a groove library comprising
variegated amino acid positions primarily located within a
g/g-groove. Similarly, it can be envisaged that a linker library
comprising variegated amino acid positions primarily located
within a first linker fragment is combined with a linker library
comprising variegated amino acid positions primarily located
within a second linker fragment. Finally, it can be envisaged
that one or more helix surface libraries are combined with one
ormore groove libraries and/or with one or more linker librar-
ies. A practical way of combining single-chain Alphabody
libraries can be accomplished, for example, by mixing difter-
ent libraries in about equal amounts.

The Alphabody libraries of the present invention can be
provided in different forms, and can be but are not limited to
protein libraries, nucleic acid libraries, vector libraries or host
cell libraries.

In particular embodiments, the libraries of the present
invention are libraries of host cells, wherein each host cell
comprises maximally one member of a nucleic acid or vector
library, each such nucleic acid or vector library member
encoding a single-chain Alphabody (polypeptide) of the
invention. More particularly, the libraries are libraries of host
cells wherein Alphabodies are expressed.

In particular embodiments, the Alphabodies of the library
are displayed on the surface of a phage particle, a ribosome, a
bacterium, a yeast cell, amammalian cell or any other suitable
(micro)organism, so as to facilitate screening or selection to
isolate the desired Alphabody sequences having detectable
binding affinity for, or detectable in vitro activity on, the
target protein or cell of interest.

Thus, in particular embodiments, the libraries of the inven-
tion represent a set or collection of protein sequences and are
thus Alphabody protein libraries. The Alphabody members of
the library can be presented in the library as separate Alpha-
body sequences, or can be provided as a mixture of different
Alphabody sequences.

In further aspects, the present invention provides nucleic
acid and vector libraries, which encode the single-chain
Alphabody (polypeptide or protein) libraries of the invention
or a mixture of single-chain Alphabody libraries.

In a further aspect, the present invention provides methods
for the production of single-chain Alphabody libraries of the
invention. Accordingly, these methods comprise producing a
polypeptide, nucleic acid or vector library.

It will be understood by the skilled person that the Alpha-
body libraries of the present invention are typically generated
by recombinant DNA techniques. More particularly, libraries
of nucleic acid sequences encoding Alphabodies each differ-
ing in particular amino acid positions are obtained by site-
directed or random mutagenesis of a template sequence. As
will be acknowledged by a skilled person, random amino acid
residues can be introduced at specific positions in an amino
acid sequence by, for example, selecting (introducing)
‘NNK” or ‘NNS’ codons at corresponding positions in the
nucleotide sequence encoding said amino acid sequence.

Thus, the generation of a (partially) randomized single-
chain Alphabody library requires the (partial) randomization
of specific positions within a template or standard or refer-
ence Alphabody scaffold sequence. Methods for producing
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such libraries are known to the skilled person and commercial
services are available for generating such libraries. The nucle-
otide(s) determining the relevant amino acid residues at the
positions of interest are mutated in different ways such as to
obtain a library of nucleotide sequences encoding different
Alphabodies.

In particular embodiments of the present invention, the
constant, non-variegated part of the single-chain Alphabody
polypeptides that are present in the single-chain Alphabody
libraries does not correspond to a naturally occurring protein
sequence, and thus the sequence representing the non-varie-
gated part of the scaffold is of non-natural origin. Indeed,
typically, the constant, non-variegated part of the Alphabody
polypeptides in a library of the invention is an artificial
sequence.

A template Alphabody scaffold sequence is the sequence
ofareference Alphabody which has been selected on the basis
of its (near-) optimal physico-chemical properties. As dem-
onstrated in the examples in W0O2010/066740, single-chain
Alphabodies generally have a high thermal (i.e., thermody-
namic) stability, a high solubility, a high resistance to varia-
tions in pH, and, importantly, a high tolerability to amino acid
sequence variation. Such single-chain Alphabodies, or other
single-chain Alphabodies having suitable physico-chemical
properties such as a high tolerability to amino acid sequence
variation, can be selected as reference or template Alphabody
scatfolds (or scaftold sequences) for the generation of single-
chain Alphabody libraries of the present invention.

The variegation envisaged in the libraries of the present
invention is envisaged to encompass both naturally occurring
and synthetic amino acid residues. However, in particular
embodiments of the invention, the variegated amino acid
residue positions are exclusively occupied by naturally occur-
ring amino acid types, such as for instance but not limited to
natural amino acid types, such as glycine, alanine, proline,
asparagine, aspartic acid, glutamine, glutamic acid, histidine,
arginine, lysine, threonine, serine, cysteine, leucine, isoleu-
cine, methionine, phenylalanine, tyrosine, tryptophan and
valine.

In particular embodiments, the production of an Alpha-
body polypeptide library of the invention involves the step of
producing a nucleic acid or vector library of at least 100
members, wherein each member encodes a polypeptide com-
prising a single-chain Alphabody and wherein the encoded
different-sequence Alphabody polypeptides differ from each
other in at least one of a defined set of 5 to 20 variegated amino
acid residue positions. In particular embodiments, at least
70% but not all of these variegated amino acid residue posi-
tions are located either:

(1) at heptad e- or g-positions in a first alpha-helix of the
Alphabody polypeptides and at heptad e- or g-positions
in a second alpha-helix, and optionally at heptad b- or
c-positions in the first alpha-helix of the Alphabody
polypeptides and/or at heptad b- or c-positions in the
second alpha-helix of the Alphabody polypeptides, or

(i) atheptad b-, c- and f-positions in one alpha-helix of the
Alphabody polypeptides, or

(iii) at positions in a linker fragment connecting two con-
secutive alpha-helices of the Alphabody polypeptides.

Upon expression of these Alphabody sequences in host
cells, an Alphabody polypeptide library is obtained. The pro-
duction of a random library can be achieved in different ways,
as will be known by the person skilled in the art. In general,
the methods for the production of Alphabody libraries of the
invention typically comprise the step of transforming or
transfecting suitable host cells with a nucleic acid or vector
library or an infectious particle which encodes a single-chain
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Alphabody library. Further, the methods for the production of
Alphabody libraries typically comprise a step of culturing
said host cells under conditions suitable for the proliferation
(multiplication, growth) of said host cells and a culturing step
under conditions suitable for the production (expression, syn-
thesis) of the encoded single-chain Alphabodies. The cultur-
ing of host cells under conditions suitable for proliferation or
expression is typically accomplished in the presence of media
comprising components suitable for cell growth or induction
of'expression. In particular embodiments, the methods for the
production of Alphabody libraries of the invention further
comprise the step of isolating the produced single-chain
Alphabodies form the host cells or medium. It is further noted
that expressed Alphabody libraries may, in addition to the
different-sequence polypeptides also contain multiple copies
of identical polypeptides.

In yet a further aspect, the present invention provides uses
of the single-chain Alphabody libraries of the invention for
the production of an Alphabody directed against a target
protein of interest. More particularly, the invention provides
the use of Alphabody libraries or mixtures of single-chain
Alphabody libraries of the invention for in vitro display meth-
ods such as a phage display, yeast display, bacterial display or
mRNA display.

The present invention thus also provides methods for the
generation of one or more single-chain Alphabodies having
detectable binding affinity for (as defined herein), or having
detectable in vitro activity on (as defined herein), such as
detectable in vitro antagonistic or agonistic activity on, a
target molecule or cell of interest. These methods are based on
the concept of random library production and screening for
binding to or activity on target molecules of interest.

In order to obtain a target-specific Alphabody, the methods
for the generation of a target-specific Alphabody comprise
the steps of a) generating a single-chain Alphabody library
according to the invention and b) selecting from such a single-
chain Alphabody library according to the present invention at
least one single-chain Alphabody having detectable binding
affinity for, or detectable in vitro activity on, the protein or cell
of interest.

Accordingly, the methods for the production of one or
more single-chain Alphabodies having detectable binding
affinity for a target molecule of interest, or detectable in vitro
activity on target proteins or cells of interest according to the
invention at least comprise the steps of:

a) producing a single-chain Alphabody library according to
the invention or a mixture of single-chain Alphabody
libraries according to the invention,

b) selecting one or more single-chain Alphabodies having
detectable binding affinity for a target molecule of inter-
est, or detectable in vitro activity on target proteins or
cells of interest, and, optionally,

¢) isolating the one or more single-chain Alphabodies.

The step of selecting a single-chain Alphabody that spe-
cifically binds to or is directed against or has detectable bind-
ing affinity for a target molecule or protein of interest can be
performed in different ways, such as by way of a method
commonly known as a selection method or a by way of a
method commonly known as a screening method. Both meth-
ods envisage the identification and subsequent isolation (i.e.,
the selection step) of desirable components (i.e., Alphabody
library members) from an original ensemble comprising both
desirable and non-desirable components (i.e., an Alphabody
library). In the case of a selection method, library members
will typically be isolated by a step wherein the desired prop-
erty is applied to obtain the desired goal; in such case, the
desired property is usually restricted to the property of a high
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affinity for a given target molecule of interest and the desired
goal is usually restricted to the isolation of such high-affinity
library members from the others. Such method is generally
known as an affinity selection method and, in the context of
the present invention, such affinity selection method will be
applied to a single-chain Alphabody library for the purpose of
selecting Alphabodies having a high affinity for a protein of
interest or a subdomain or subregion thereof. Alternatively, in
the case of a screening method, library members will typi-
cally be isolated by a step wherein all library members, or at
least a substantial collection of library members, are individu-
ally examined with respect to a given desired property, and
wherein members having such desired property are retained
whereas members not having such desired property are dis-
carded; in such case, and in the context of the present inven-
tion, desired properties may relate to either a high affinity for
the protein of interest or a subdomain or subregion thereof, or
a functional activity, including the inhibition, reduction and/
or prevention of the activity of the target protein of interest.
Accordingly, it is submitted that the selection step of the
methods of the invention may be accomplished by either an
(affinity) selection technique or by an affinity-based or activ-
ity-based functional screening technique, both techniques
resulting in the selection of one or more single-chain Alpha-
bodies having beneficial (favorable, desirable, superior)
affinity or activity properties compared to the non-selected
Alphabodies of the single-chain Alphabody library of the
invention.

Thus, in particular embodiments, the selection step com-
prises contacting a single-chain Alphabody library of the
invention or a mixture of single-chain Alphabody libraries of
the invention, with a target molecule of interest and determin-
ing binding between the target molecule and an Alphabody
present in the library. Specific binding of an Alphabody to a
target molecule or protein of interest can be determined in any
suitable manner known per se, including, for example bio-
panning, Scatchard analysis and/or competitive binding
assays, such as radioimmunoassays (RIA), enzyme immu-
noassays (EIA) and sandwich competition assays, and the
different variants thereof known in the art.

It is noted that the selection or screening of an Alphabody
library may be performed in different ways, and that such
methods will be adjusted to the form in which the Alphabody
library is provided. Suitable methods, techniques and host
organisms for displaying and selecting or screening (a set,
collection or library of) variegated polypeptide sequences or
nucleotide sequences encoding such variegated polypeptide
sequences, and which may be applicable to Alphabodies, are
known to the person skilled in the art. Such methods are
described, for example, in Georgiou et al. Nat Biotechnol
1997, 15:29-34; Wittrup Curr Opin Biotechnol 2001, 12:395-
399; Lipovsek and Pluckthun J Immunol Methods 2004, 290:
51-67; Reiersen et al. Nucl Acids Res 2005, 33:e10; Levin and
Weiss Mol BioSyst 2006, 2:49-57; Bratkovic Cell Mo/ Life Sci
2010, 67:749-767.

In particular embodiments, the Alphabody library of the
invention is provided as a phage library and binding Alpha-
bodies are identified by contacting the phage with the labeled
target molecule, after which binding phages are retrieved by
detection or selective collection of the labeled, bound target.

In particular embodiments biopanning methods are used.
In the direct biopanning protocol the target is immobilized on
a solid support. Examples of solid support are microtiter
plates or tubes (e.g. Maxisorp plates, Maxisorp tubes, Nunc)
or magnetic beads (Dynabeads, Invitrogen). The target can
either be directly coated on the plastic or the beads (surface
activated Dynabeads, e.g. Dynabeads M270 Epoxy, Invitro-
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gen) or via streptavidin when the target is biotinylated (e.g.
Dynabeads MyOne Streptavidin T1, Invitrogen). Other tags
can be used to capture the targets such as His-tags or alterna-
tively, an antibody directed against the target can also be used
to capture the target on the support. These alternative tags are
also compatible with the Dynabeads (Dynabeads His-tag iso-
lation and pull down, Invitrogen) and Protein A or Protein G
coupled Dynabeads (Dynabeads-Protein A/G, Invitrogen). To
immobilize the target on magnetic beads, the recommenda-
tions of the manufacturer are followed for each specific bead
type.

Additionally a soluble biopanning protocol can be used.
This implies that the target is captured on the solid support
AFTER incubation with the phage library. The target-phage
interaction is performed in solution. To be able to wash away
the non-binding phage, the target needs to be immobilized on
asolid support. The immobilization of the target in the soluble
biopanning method is identical to the immobilization possi-
bilities in the direct biopanning protocols.

In particular embodiments, a biotinylated target is used,
whereby phages which display an Alphabody binding to the
target are captured with a streptavidin-coated support (e.g.
magnetic beads). The technology of phage library display,
and the selection by means of a phage display technique may
be chosen as a method for high-throughput identification of
target-specific binders, because it is one of the most robust
and versatile selection techniques available (Scott and Smith
Science 1990, 249:386-390; Bratkovic Cell Mol Life Sci
2010, 67:749-767). A major advantage of this technology is
the coupling of genotype (i.e., the encapsulated DNA encod-
ing the displayed protein) and phenotype (i.e., the displayed
protein such as an Alphabody of the present invention) which
allows affinity-based selection from large libraries with mil-
lions to trillions of polypeptide variants in a relatively simple
in vitro assay.

In cases where an Alphabody polypeptide sequence, com-
prised in a set, collection or library of Alphabody polypeptide
sequences, is displayed on a suitable cell or phage or particle,
it is also possible to isolate from said cell or phage or particle,
the nucleotide sequence that encodes that Alphabody
polypeptide sequence. Then, the nucleotide sequences of the
selected Alphabody library members can be determined by a
routine sequencing method. Finally, the actual desired Alpha-
body polypeptide sequence(s) can be obtained by expressing
said nucleotide sequence(s) in a host organism under suitable
conditions, as known to the person skilled in the art.

The methods of the present invention may further comprise
the step of amplifying the at least one single-chain Alphabody
having detectable binding affinity for, or detectable in vitro
activity on, a target protein or cell of interest. For example, a
phage clone displaying a particular single-chain Alphabody,
obtained from a selection step of a method of the invention,
may be amplified by reinfection of a host bacteria and incu-
bation in a growth medium.

In addition, the obtained Alphabody sequences having
detectable binding affinity for, or detectable in vitro activity
on, a target protein or cell of interest, may be synthesized as
soluble protein construct, optionally after their sequence has
been identified.

For instance, the Alphabodies obtained, obtainable or
selected by the methods of the present invention can be syn-
thesized using recombinant or chemical synthesis methods
known in the art. Also, the Alphabodies obtained, obtainable
or selected by the methods of the present invention can be
produced by genetic engineering techniques. Thus, methods
for synthesizing an Alphabody obtained, obtainable or
selected by the methods of the present invention may com-

35

40

45

55

26

prise transforming or infecting a host cell with a nucleic acid
or a vector encoding an Alphabody sequence having detect-
able binding affinity for, or detectable in vitro activity on, a
target protein or cell of interest. Accordingly, the Alphabody
sequences having detectable binding affinity for, or detect-
able in vitro activity on, a target protein or cell of interest can
be made by recombinant DNA methods. DNA encoding the
Alphabodies can be readily synthesized using conventional
procedures. Once prepared, the DNA can be introduced into
expression vectors, which can then be transformed or trans-
fected into host cells suchas E. coli or any suitable expression
system, in order to obtain the expression of Alphabodies in
the recombinant host cells and/or in the medium in which
these recombinant host cells reside.

Transformation or transfection of nucleic acids or vectors
into host cells may be accomplished by a variety of means
known to the person skilled in the art including calcium
phosphate-DNA co-precipitation, DEAE-dextran-mediated
transfection, polybrene-mediated transfection, electropora-
tion, microinjection, liposome fusion, lipofection, protoplast
fusion, retroviral infection, and biolistics.

Suitable host cells for the expression of the desired Alpha-
bodies may be any eukaryotic or prokaryotic cell (e.g., bac-
terial cells such as £. coli, yeast cells, mammalian cells, avian
cells, amphibian cells, plant cells, fish cells, and insect cells),
whether located in vitro or in vivo. For example, host cells
may be located in a transgenic animal.

In particular embodiments of the present invention, the
selection steps of the methods for producing one or more
single-chain Alphabodies having detectable binding affinity
(as defined herein) for a target molecule of interest, may
comprise the (further) enrichment of the Alphabody library or
the mixture of Alphabody libraries for single-chain Alpha-
bodies having detectable binding affinity for the target mol-
ecule of interest by iterative execution of the steps of contact-
ing a target molecule of interest with a single-chain
Alphabody library or with a mixture of single-chain Alpha-
body libraries of the invention and subsequently identifying
from the single-chain Alphabody library or mixture of single-
chain Alphabody libraries being contacted with the target
molecule of interest, the one or more single-chain Alphabod-
ies having detectable binding affinity for the target molecule
of interest.

The present invention further provides dedicated Alpha-
body libraries which can be produced in the context of
improving or optimizing the binding specificity and/or effi-
cacy of a target-specific Alphabody obtained using the Alpha-
body libraries of the invention.

In particular embodiments, the methods for the production
of one or more target-binding Alphabodies based on the
Alphabody libraries according to the invention described
above, may further be followed by steps or methods involving
the rationalization of the obtained or produced Alphabody
sequences. Such a sequence rationalization process may
include the identification or determination of particular
amino acid residues, amino acid residue positions, stretches,
motifs or patterns that are conserved between or among dif-
ferent Alphabodies directed against (i.e., binding to) a spe-
cific target molecule of interest. Accordingly, this rationaliza-
tion process can be conducted by comparing different
Alphabody sequences that have been identified to bind the
target protein of interest, and by identifying the sequence
conservation between these sequences. Such a process can be
optionally supported by or be performed by using techniques
for molecular modeling and interactive ligand docking.

The particular amino acid residues, amino acid residue
positions, stretches, motifs or patterns that are identified as
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being conserved between or among different Alphabodies
against a specific target molecule of interest may be consid-
ered as contributing significantly to the binding or activity of
the target-specific Alphabodies.

In particular embodiments, the process of sequence ratio-
nalization as described above may further be followed by the
creation of a new library of Alphabody sequences, starting
from the set of different Alphabody sequences that have been
identified as being specific for a target molecule of interest
and that have been produced using the methods of the inven-
tion. In such embodiments, the positions where the amino
acid residues, stretches, motifs or patterns are located that are
conserved between or among different target-binding Alpha-
bodies are kept constant, and the Alphabody sequences are
varied in a new defined set of variegated amino acid residue
positions. In this newly defined set, the variegated positions
are located outside the positions where the amino acid resi-
dues, stretches, motifs or patterns are located that are con-
served between or among different target-binding Alphabod-
ies. The Alphabody libraries so obtained are referred to as
‘dedicated libraries’ of Alphabodies. These dedicated librar-
ies can then again be screened to identify the best target-
binding Alphabody.

Accordingly, the present invention further provides meth-
ods for the production of dedicated libraries for a target pro-
tein of interest, which methods comprise, in addition to the
method steps for generating a target-binding Alphabody
described above, after the identification of two or more target-
binding Alphabodies from a random library, the steps of:

comparing the produced Alphabody sequences that bind

the target protein of interest,

identifying the amino acid residues, amino acid residue

positions, stretches, motifs or patterns that are conserved
between or among these different Alphabody sequences,
and:
starting from at least one of the two or more Alphabody
sequences compared, producing a dedicated library,
wherein the library comprises different Alphabody
sequences that are variegated in a set of amino acid
positions, which are not the amino acid residues, amino
acid residue positions, stretches, motifs or patterns that
are conserved between or among the different target-
binding Alphabody sequences.
These dedicated libraries can be used to obtain Alphabod-
ies with improved properties. More particularly, this com-
prises:
selecting and/or identifying from the dedicated library
those Alphabody sequences having an improved or opti-
mized binding specificity for and/or in vitro activity on
the target molecule or cell of interest, and optionally

isolating these Alphabody sequences having an improved
oroptimized binding specificity for and/or in vitro activ-
ity on the target molecule or cell of interest.

It will be understood that the steps involved in the methods
for producing a dedicated library and selecting, identifying
and isolating Alphabody sequences having an improved or
optimized binding specificity for and/or in vitro activity on
the target molecule or cell of interest, as described above, may
be performed in a similar manner as described for the corre-
sponding steps of the methods for producing target-binding
Alphabodies of the invention.

As further described herein, the total number of amino acid
residues in an Alphabody of the invention can be in the range
of'about 50 to about 210, depending mainly on the number of
heptads per heptad repeat sequence and the length of the
flexible linkers interconnecting the heptad repeat sequences.
Parts, fragments, analogs or derivatives of an Alphabody,
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polypeptide or composition of the invention are not particu-
larly limited as to their length and/or size, as long as such
parts, fragments, analogs or derivatives still have the biologi-
cal function of an Alphabody, polypeptide or composition of
the invention from which they are derived and can still be used
for the envisaged (pharmacological) purposes.

In a further aspect, the present invention also provides
single-chain Alphabodies having detectable binding affinity
for a target molecule of interest, or detectable in vitro activity
on a target molecule or cell of interest, wherein these single-
chain Alphabodies are obtainable by methods involving the
Alphabody libraries of the present invention, These target-
specific Alphabodies and the polypeptides and compositions
comprising these target-specific Alphabodies are also
referred to herein as ‘Alphabodies of the invention’ and
‘polypeptides and compositions of the invention’, respec-
tively.

Accordingly, the present invention also provides Alpha-
bodies that specifically bind to a target molecule or protein of
interest, as well as polypeptides and pharmaceutical compo-
sitions that comprise or essentially consist of one or more
such Alphabodies and to uses of such Alphabodies, polypep-
tides or compositions for prophylactic, therapeutic or diag-
nostic purposes.

Thus, the Alphabodies, polypeptides and compositions of
the present invention can be used for the prevention and
treatment of diseases and disorders which are mediated by
biological pathway(s) in which the target molecule of inter-
est, against which the Alphabodies, polypeptides and/or com-
positions are directed, is involved.

According to particular embodiments, by binding to one or
more particular target molecules of interest, the Alphabodies,
polypeptides and pharmaceutical compositions of the present
invention can be used to prevent or inhibit the interaction
between one or more target molecules of interest and their
corresponding receptors or natural binding partners, thereby
preventing, inhibiting or reducing the signaling pathways that
are mediated by those target molecules of interest and/or
modulating the biological pathways and mechanisms in
which those target molecules of interest are involved.

Thus, in particular embodiments, the Alphabodies,
polypeptides and compositions of the invention, specifically
bind to target molecules of interest, and more particularly to
the receptor-binding site on those target molecules of interest.

Accordingly, in particular embodiments, the Alphabodies,
polypeptides and compositions of the invention are directed
against a target molecule of interest. The result of the binding
of the Alphabodies to the target molecules of interest can be
such that, upon binding to that target molecule of interest, it
prevents, reduces or inhibits binding of that target molecule of
interest to its receptor or to at least one subunit thereof com-
pared to the binding of the target molecule of interest to its
receptor in the absence of such Alphabodies, polypeptides or
pharmaceutical compositions of the invention, and this by at
least 20%, for example by at least 50%, as at least 70%, at
least 80%, at least 90%, at least 95% or more, as determined
by a suitable assay known in the art.

Alternatively, the binding of the Alphabodies to the target
molecule of interest is such that it still allows the target
molecule of interest to bind to its receptor, but prevents,
reduces or inhibits the signaling that would be triggered by
binding of the target molecule of interest to its receptor or at
least one subunit thereof compared to the signaling upon
binding of the target molecule of interest to its receptor in the
absence of such Alphabodies, polypeptides or pharmaceuti-
cal compositions of the invention, and this by at least 20%, for
example by at least 50%, as at least 70%, at least 80%, at least



US 9,315,805 B2

29

90%, at least 95% or more, as determined by a suitable assay
known in the art. In further particular embodiments, the bind-
ing of the Alphabodies to the target molecule of interest is
such that it prevents, reduces or inhibits activation and/or
association of the receptor, and in particular target molecule
of interest-mediated association of the receptor (i.e., com-
pared to the target molecule of interest-mediated association
of the receptor without the presence of such Alphabodies,
polypeptides and compositions of the invention, and this by at
least 20%, for example by at least 50%, as at least 70%, at
least 80%, at least 90%, at least 95% or more, as determined
by a suitable assay known in the art.

In particular embodiments the Alphabody, polypeptide or
composition obtained using the libraries of the invention
inhibit, reduce and/or prevent the interaction between a target
protein of interest and its natural binding partner, or, inhibit,
reduce and/or prevent the activity of a target protein of inter-
est, or, inhibit, reduce and/or prevent one or more biological
or physiological mechanisms, effects, responses, functions
pathways or activities in which the target protein of interest is
involved, such as by at least 10%, but preferably at least 20%,
for example by at least 50%, at least 60%, atleast 70%, at least
80%, at least 90%, at least 95% or more, as measured using a
suitable in vitro, cellular or in vivo assay, compared to the
activity of the target protein of interest in the same assay
under the same conditions but without using the Alphabody,
polypeptide or composition of the invention. In addition,
‘inhibiting’, ‘reducing’ and/or ‘preventing’ may also mean
inducing a decrease in affinity, avidity, specificity and/or
selectivity of a target protein of interest for one or more of its
natural binding partners and/or inducing a decrease in the
sensitivity of the target protein of interest for one or more
conditions in the medium or surroundings in which the target
protein of interest is present (such as pH, ion strength, the
presence of co-factors, etc.), compared to the same conditions
but without the presence of the Alphabody, polypeptide or
composition of the invention. In the context of the present
invention, ‘inhibiting’, ‘reducing’ and/or ‘preventing’ may
also involve allosteric inhibition, reduction and/or prevention
of the activity of a target protein of interest.

As will be known to the skilled person, the above Alpha-
bodies, polypeptides and compositions of the invention will
generally act as antagonists of target molecule of interest-
mediated signaling, i.e., the signaling that is caused by bind-
ing of a target molecule of interest to its receptor, as well as
the biological mechanisms and effects that are induced by
such signaling.

In certain non-limiting embodiments, an Alphabody,
polypeptide or composition according to the invention may
specifically bind to a target molecule of interest thereby
enhancing, increasing and/or activating the interaction
between that target molecule of interest and its receptor.
Alternatively, an Alphabody, polypeptide or composition
according to the invention may also mimic the natural ligand
and directly bind to a receptor and thereby enhance, increase
and/or activate the biological function of that receptor. Such
an agonizing Alphabody, polypeptide or composition accord-
ing to the invention may thereby enhance, increase and/or
activate the biological activity and/or one or more biological
or physiological mechanisms, effects, responses, functions or
pathways of that target molecule of interest, as measured
using a suitable in vitro, cellular or in vivo assay.

Accordingly, in these particular embodiments, the Alpha-
bodies, polypeptides and pharmaceutical compositions of the
present invention can be used to increase one or more specific
cellular responses in a subject in which the target molecule of
interest to which the one or more of the Alphabodies,

10

15

20

25

30

35

40

45

50

55

60

65

30

polypeptides and compositions of the present invention bind,
are involved. Agonistic Alphabodies, polypeptides or phar-
maceutical compositions of the invention binding to certain
target molecule of interest can, for example, be used to stimu-
late or enhance one or more immune responses in a subject,
e.g., for the prevention and/or treatment of diseases that are
characterized by a disturbed immune system or that may
occur as a result of having a disturbed immune system.

In a further aspect, the present invention provides polypep-
tides that comprise or essentially consist of at least one Alpha-
body of the present invention that specifically binds to a
protein of interest (also referred to herein as polypeptides of
the invention). The polypeptides of the invention may com-
prise at least one Alphabody of the present invention and
optionally one or more further groups, moieties, residues
optionally linked via one or more linkers.

Accordingly, a polypeptide of the invention may optionally
contain one or more further groups, moieties or residues for
binding to other targets or target proteins of interest. It should
be clear that such further groups, residues, moieties and/or
binding sites may or may not provide further functionality to
the Alphabodies of the invention (and/or to the polypeptide or
composition in which it is present) and may or may not
modify the properties of the Alphabody of the invention. Such
groups, residues, moieties or binding units may also for
example be chemical groups which can be biologically and/or
pharmacologically active.

These groups, moieties or residues are, in particular
embodiments, linked N- or C-terminally to the Alphabody. In
particular embodiments however, one or more groups, moi-
eties or residues are linked to the body of the Alphabody, e.g.
via coupling to a cysteine in an alpha-helix.

In particular embodiments, the polypeptides of the present
invention comprise Alphabodies that have been chemically
modified. For example, such a modification may involve the
introduction or linkage of one or more functional groups,
residues or moieties into or onto the Alphabody of the inven-
tion. These groups, residues or moieties may confer one or
more desired properties or functionalities to the Alphabody of
the invention. Examples of such functional groups will be
clear to the skilled person and include, without limitation, a
purification tag, a detection tag, a fluorescent tag, a glycan
moiety, a PEG moiety.

The introduction or linkage of functional groups to an
Alphabody of the invention may also have the effect of an
increase in the half-life, the solubility and/or the stability of
the Alphabody of the invention, or it may have the effect of'a
reduction of the toxicity of the Alphabody of the invention, or
it may have the effect of the elimination or attenuation of any
undesirable side effects of the Alphabody of the invention,
and/or it may have the effect of other advantageous proper-
ties.

In particular embodiments, the polypeptides of the present
invention comprise Alphabodies that have been modified to
specifically increase the half-life thereof, for example, by
means of PEGylation, by means of the addition of a group or
protein or protein domain which binds to or which is a serum
protein (such as serum albumin) or, in general, by linkage of
the Alphabody to a moiety that increases the half-life of the
Alphabody of the invention. Typically, the polypeptides of the
invention with increased half-life have a half-life that is at
least twice, such as at least three times, such as at least five
times, for example at least ten times or more than ten times
greater than the half-life of the corresponding Alphabody of
the invention lacking the said chemical modification.

A particular modification of the Alphabodies of the inven-
tion may comprise the introduction of one or more detectable
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labels or other signal-generating groups or moieties, depend-
ing on the intended use of the labeled Alphabody. Yet a further
particular modification may involve the introduction of a
chelating group, for example to chelate one or more metals or
metallic cations. A particular modification may comprise the
introduction of a functional group that is one part of a specific
binding pair, such as the biotin-(strept)avidin binding pair.
Other potential chemical and enzymatic modifications will be
clear to the skilled person.

In particular embodiments, the one or more groups, resi-
dues, moieties are linked to the Alphabody via one or more
suitable linkers or spacers.

In further particular embodiments, the polypeptides of the
invention comprise two or more target-specific Alphabodies.
In such particular embodiments, the two or more target-spe-
cific Alphabodies may be linked (coupled, concatenated,
interconnected, fused) to each other either in a direct or in an
indirect way. In embodiments wherein the two or more
Alphabodies are directly linked to each other, they are linked
without the aid of a spacer or linker fragment or moiety.
Alternatively, in embodiments wherein the two or more
Alphabodies are indirectly linked to each other, they are
linked via a suitable spacer or linker fragment or linker moi-
ety.

In embodiments wherein two or more Alphabodies are
directly linked, they may be produced as single-chain fusion
constructs (i.e., as single-chain protein constructs wherein
two or more Alphabody sequences directly follow each other
in a single, contiguous amino acid sequence). Alternatively,
direct linkage of Alphabodies may also be accomplished via
cysteines forming a disulfide bridge between two Alphabod-
ies (i.e., under suitable conditions, such as oxidizing condi-
tions, two Alphabodies comprising each a free cysteine may
react with each other to form a dimer wherein the constituting
momomers are covalently linked through a disulfide bridge).

Alternatively, in embodiments wherein two or more Alpha-
bodies are indirectly linked, they may be linked to each other
via a suitable spacer or linker fragment or linker moiety. In
such embodiments, they may also be produced as single-
chain fusion constructs (i.e., as single-chain protein con-
structs wherein two or more Alphabody sequences follow
each other in a single, contiguous amino acid sequence, but
wherein the Alphabodies remain separated by the presence of
a suitably chosen amino acid sequence fragment acting as a
spacer fragment). Alternatively, indirect linkage of Alpha-
bodies may also be accomplished via amino acid side groups
or via the Alphabody N- or C-termini. For example, under
suitably chosen conditions, two Alphabodies comprising
each a free cysteine may react with a homo-bifunctional
chemical compound, yielding an Alphabody dimer wherein
the constituting Alphabodies are covalently cross-linked
through the said homo-bifunctional compound. Analogously,
one or more Alphabodies may be cross-linked through any
combination of reactive side groups or termini and suitably
chosen homo- or heterobifunctional chemical compounds for
cross-linking of proteins.

In particular embodiments of linked Alphabodies, the two
or more linked Alphabodies can have the same amino acid
sequence or different amino acid sequences. The two or more
linked Alphabodies can also have the same binding specificity
or a different binding specificity. The two or more linked
Alphabodies can also have the same binding affinity or a
different binding affinity.

Suitable spacers or linkers for use in the coupling of dif-
ferent Alphabodies of the invention will be clear to the skilled
person and may generally be any linker or spacer used in the
art to link peptides and/or proteins. In particular, such a linker
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or spacer is suitable for constructing proteins or polypeptides
that are intended for pharmaceutical use.

Some particularly suitable linkers or spacers for coupling
of'Alphabodies in a single-chain amino acid sequence include
for example, but are not limited to, polypeptide linkers such
as glycine linkers, serine linkers, mixed glycine/serine link-
ers, glycine- and serine-rich linkers or linkers composed of
largely polar polypeptide fragments. Some particularly suit-
able linkers or spacers for coupling of Alphabodies by chemi-
cal cross-linking include for example, but are not limited to,
homo-bifunctional chemical cross-linking compounds such
as glutaraldehyde, imidoesters such as dimethyl adipimidate
(DMA), dimethyl suberimidate (DMS) and dimethyl pime-
limidate (DMP) or N-hydroxysuccinimide (NHS) esters such
as dithiobis(succinimidylpropionate) (DSP) and dithiobis
(sulfosuccinimidylpropionate) (DTSSP). Examples of het-
ero-bifunctional reagents for cross-linking include, but are
not limited to, cross-linkers with one amine-reactive end and
a sulthydryl-reactive moiety at the other end, or with a NHS
ester at one end and an SH-reactive group (e.g., a maleimide
or pyridyl disulfide) at the other end.

A polypeptide linker or spacer for usage in single-chain
concatenated Alphabody constructs may be any suitable (e.g.,
glycine-rich) amino acid sequence having a length between 1
and 50 amino acids, such as between 1 and 30, and in par-
ticular between 1 and 10 amino acid residues. It should be
clear that the length, the degree of flexibility and/or other
properties of the spacer(s) may have some influence on the
properties of the final polypeptide of the invention, including
but not limited to the affinity, specificity or avidity for a target
protein of interest. It should be clear that when two or more
spacers are used in the polypeptides of the invention, these
spacers may be the same or different. In the context and
disclosure of the present invention, the person skilled in the
art will be able to determine the optimal spacers for the
purpose of coupling Alphabodies of the invention without any
undue experimental burden.

The linked Alphabody polypeptides of the invention can
generally be prepared by a method which comprises at least
one step of suitably linking the one or more Alphabodies of
the invention to the one or more further groups, residues,
moieties and/or other Alphabodies of the invention, option-
ally via the one or more suitable linkers, so as to provide a
polypeptide of the invention.

Also, the polypeptides of the present invention can be
produced by methods at least comprising the steps of: (i)
expressing, in a suitable host cell or expression system, the
polypeptide of the invention, and (ii) isolating and/or purify-
ing the polypeptide of the invention. Techniques for perform-
ing the above steps are known to the person skilled in the art.

The present invention also encompasses parts, fragments,
analogs, mutants, variants, and/or derivatives of the Alpha-
bodies and polypeptides of the invention and/or polypeptides
comprising or essentially consisting of one or more of such
parts, fragments, analogs, mutants, variants, and/or deriva-
tives.

Such parts, fragments, analogs, mutants, variants, and/or
derivatives according to the invention may still be capable of
specifically binding to a target molecule of interest. In par-
ticular embodiments the invention provides target-binding
fragments, variants or derivatives of the Alphabodies of the
invention.

It should be noted that the libraries, Alphabodies, polypep-
tides or compositions of the invention (or of the nucleotide
sequences of the invention used to express them) are not
naturally occurring proteins (or nucleotide sequences). Typi-
cally, the Alphabodies of the invention are recombinant, syn-
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thetic or semi-synthetic amino acid sequences, polypeptides
or proteins (or nucleotide sequences).

The Alphabodies, polypeptides and compositions provided
by the invention can be in essentially isolated form (as defined
herein), or alternatively can form part of a polypeptide or
composition of the invention, which may comprise or essen-
tially consist of at least one Alphabody of the invention and
which may optionally further comprise one or more other
groups, moieties or residues (all optionally linked via one or
more suitable linkers).

It will be appreciated based on the disclosure herein that for
prophylactic, therapeutic and/or diagnostic applications, the
Alphabodies, polypeptides and compositions obtainable
using the libraries of the invention will in principle be directed
against or specifically bind to human target molecules of
interest. However, where the Alphabodies, polypeptides and
compositions of the invention are intended for veterinary
purposes, they will be directed against or specifically bind to
target molecules of interest from the species intended to be
treated, or they will be at least cross-reactive with target
molecules of interest from the species to be treated. Accord-
ingly, Alphabodies, polypeptides and compositions that spe-
cifically bind to target molecules of interest from one subject
species may or may not show cross-reactivity with target
molecules of interest from one or more other subject species.
Of course it is envisaged that, in the context of the develop-
ment of Alphabodies for use in humans or animals, Alpha-
bodies may be developed which bind to target molecules of
interest from another species than that which is to be treated
for use in research and laboratory testing.

Itis also expected that the Alphabodies and polypeptides of
the invention may bind to some naturally occurring or syn-
thetic analogs, variants, mutants, alleles, parts and fragments
of a target molecule of interest. More particularly, it is
expected that the Alphabodies and polypeptides of the inven-
tion will bind to at least to those analogs, variants, mutants,
alleles, parts and fragments of a target molecule of interest
that (still) contain the binding site, part or domain of the
(natural/wild-type) target molecule of interest and/or the tar-
get molecule of interest to which those Alphabodies and
polypeptides bind. In particular embodiments the Alphabod-
ies, polypeptides and compositions that specifically bind to
target molecules of interest do not show cross-reactivity with
a naturally occurring protein other than the target protein of
interest.

In yet a further aspect, the present invention provides
nucleic acids encoding the single-chain Alphabodies selected
and/or produced by the methods of the invention.

In further aspects, the invention provides nucleic acids
encoding single-chain Alphabodies, which are obtainable by
the methods according to the invention (also referred to
herein as ‘nucleic acids or nucleic acid sequences of the
invention”) as well as vectors and host cells comprising such
nucleic acid sequences.

These nucleic acid sequences can also be in the form of a
vector or a genetic construct or polynucleotide. The nucleic
acid sequences of the invention may be synthetic or semi-
synthetic sequences, nucleotide sequences that have been
isolated from a library (and in particular, an expression
library), nucleotide sequences that have been prepared by
PCR using overlapping primers, or nucleotide sequences that
have been prepared using techniques for DNA synthesis
known per se.

The genetic constructs of the invention may be DNA or
RNA, and are preferably double-stranded DNA. The genetic
constructs of the invention may also be in a form suitable for
transformation of the intended host cell or host organism in a
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form suitable for integration into the genomic DNA of the
intended host cell or in a form suitable for independent rep-
lication, maintenance and/or inheritance in the intended host
organism. For instance, the genetic constructs of the invention
may be in the form of a vector, such as for example a plasmid,
cosmid, YAC, a viral vector or transposon. In particular, the
vector may be an expression vector, i.e., a vector that can
provide for expression in vitro and/or in vivo (e.g. in a suitable
host cell, host organism and/or expression system). The
genetic constructs of the invention may comprise a suitable
leader sequence to direct the expressed Alphabody to an
intended intracellular or extracellular compartment. For
example, the genetic constructs of the invention may be
inserted in a suitable vector at a pelB leader sequence site to
direct the expressed Alphabody to the bacterial periplasmic
space. Also, the vector may be equipped with a suitable pro-
moter system to, for example, optimize the yield of the Alpha-
body.

In a further aspect, the invention provides vectors compris-
ing nucleic acids encoding single-chain Alphabodies, which
are obtainable by the methods according to the invention.

In yet a further aspect, the present invention provides host
cells comprising nucleic acids encoding single-chain Alpha-
bodies, which are obtainable by the methods according to the
invention or vectors comprising these nucleic acids. Accord-
ingly, a particular embodiment of the invention is a host cell
transfected or transformed with a vector comprising the
nucleic acid sequence encoding the Alphabodies obtainable
by the methods of the invention and which is capable of
expressing the Alphabodies. Suitable examples of hosts or
host cells for expression of the Alphabodies or polypeptides
of'the invention will be clear to the skilled person and include
any suitable eukaryotic or prokaryotic cell (e.g., bacterial
cells such as £. coli, yeast cells, mammalian cells, avian cells,
amphibian cells, plant cells, fish cells, and insect cells),
whether located in vitro or in vivo.

In yet a further aspect, the present invention provides phar-
maceutical compositions comprising one or more Alphabod-
ies, polypeptides and/or nucleic acid sequences, which are
obtainable by the methods according to the invention and
optionally at least one pharmaceutically acceptable carrier
(also referred to herein as pharmaceutical compositions of the
invention). According to certain particular embodiments, the
pharmaceutical compositions of the invention may further
optionally comprise at least one other pharmaceutically
active compound.

The pharmaceutical compositions of the present invention
can be used in the diagnosis, prevention and/or treatment of
diseases and disorders associated with a target molecule of
interest.

In particular, the present invention provides pharmaceuti-
cal compositions comprising Alphabodies and polypeptides
of'the invention that are suitable for prophylactic, therapeutic
and/or diagnostic use in a warm-blooded animal, and in par-
ticular in a mammal, and more in particular in a human being.

The present invention also provides pharmaceutical com-
positions comprising Alphabodies and polypeptides of the
invention that can be used for veterinary purposes in the
prevention and/or treatment of one or more diseases, disor-
ders or conditions associated with and/or mediated by a target
molecule of interest.

Generally, for pharmaceutical use, the polypeptides of the
invention may be formulated as a pharmaceutical preparation
or compositions comprising at least one Alphabody or
polypeptide of the invention and at least one pharmaceuti-
cally acceptable carrier, diluent or excipient and/or adjuvant,
and optionally one or more further pharmaceutically active
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polypeptides and/or compounds. Such a formulation may be
suitable for oral, parenteral, topical administration or for
administration by inhalation. Thus, the Alphabodies, or
polypeptides of the invention and/or the compositions com-
prising the same can for example be administered orally,
intraperitoneally, intravenously, subcutaneously, intramuscu-
larly, transdermally, topically, by means of a suppository, by
inhalation, again depending on the specific pharmaceutical
formulation or composition to be used. The clinician will be
able to select a suitable route of administration and a suitable
pharmaceutical formulation or composition to be used in such
administration.

The pharmaceutical compositions may also contain suit-
able binders, disintegrating agents, sweetening agents or fla-
voring agents. Tablets, pills, or capsules may be coated for
instance with gelatin, wax or sugar and the like. In addition,
the Alphabodies and polypeptides of the invention may be
incorporated into sustained-release preparations and devices.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which are
adapted for the extemporaneous preparation of sterile inject-
able or infusible solutions or dispersions, optionally encap-
sulated in liposomes. In all cases, the ultimate dosage form
must be sterile, fluid and stable under the conditions of manu-
facture and storage. The liquid carrier or vehicle can be a
solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. Antibacterial and antifungal agents and the like can
optionally be added.

Useful dosages of the Alphabodies and polypeptides of the
invention can be determined by determining their in vitro
activity, and in vivo activity in animal models. Methods for
the extrapolation of effective dosages in mice, and other ani-
mals, to humans are known to the skilled person.

The amount of the Alphabodies and polypeptides of the
invention required for use in prophylaxis and/or treatment
may vary not only with the particular Alphabody or polypep-
tide selected but also with the route of administration, the
nature of the condition being treated and the age and condi-
tion of the patient and will be ultimately at the discretion of
the attendant physician or clinician. Also the dosage of the
Alphabodies and polypeptides of the invention may vary
depending on the target cell, tumor, tissue, graft, or organ, or
the plasma concentration of the target molecule.

The Alphabodies or polypeptides of the invention and/or
the compositions comprising the same are administered
according to a regimen of treatment that is suitable for pre-
venting and/or treating the disease or disorder to be prevented
or treated. The clinician will generally be able to determine a
suitable treatment regimen. Generally, the treatment regimen
will comprise the administration of one or more Alphabodies
and/or polypeptides of the invention, or of one or more com-
positions comprising the same, in one or more pharmaceuti-
cally effective amounts or doses.

The desired dose may conveniently be presented in a single
dose or as divided doses (which can again be sub-dosed)
administered at appropriate intervals. An administration regi-
men could include long-term (i.e., at least two weeks, and for
example several months or years) or daily treatment.

The Alphabodies and polypeptides of the present invention
will be administered in an amount which will be determined
by the medical practitioner based inter alia on the severity of
the condition and the patient to be treated. Typically, for each
disease indication an optical dosage will be determined speci-
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fying the amount to be administered per kg body weight per
day, either continuously (e.g. by infusion), as a single daily
dose or as multiple divided doses during the day. The clinician
will generally be able to determine a suitable daily dose,
depending on the factors mentioned herein. It will also be
clear that in specific cases, the clinician may choose to deviate
from these amounts, for example on the basis of the factors
cited above and his expert judgment.

In particular, the Alphabodies and polypeptides of the
invention may be used in combination with other pharmaceu-
tically active compounds or principles that are or can be used
for the prevention and/or treatment of the diseases and disor-
ders in which the target molecule of interest is involved, as a
result of which a synergistic effect may or may not be
obtained. Examples of such compounds and principles, as
well as routes, methods and pharmaceutical formulations or
compositions for administering them will be clear to the
clinician.

According to a further aspect, the present invention pro-
vides the use of Alphabodies or polypeptides of the invention
that specifically bind to a target molecule of interest for the
preparation of a medicament for the prevention and/or treat-
ment of at least one target molecule of interest-mediated
disease and/or disorder in which the target molecule of inter-
est is involved. Accordingly, the invention provides Alpha-
bodies, polypeptides and pharmaceutical compositions spe-
cifically binding to a target molecule of interest for use in the
prevention and/or treatment of at least one target molecule of
interest-mediated disease and/or disorder in which said target
molecule of interest are involved. In particular embodiments,
the present invention also provides methods for the preven-
tion and/or treatment of at least one target molecule of inter-
est-mediated disease and/or disorder, comprising administer-
ing to a subject in need thereof, a pharmaceutically active
amount of one or more Alphabodies, polypeptides and/or
pharmaceutical compositions of the invention. In particular,
the pharmaceutically active amount may be an amount that is
sufficient (to create a level of the Alphabody or polypeptide in
circulation) to inhibit, prevent or decrease the biological
activity and/or the biological pathways or signaling in which
target molecules of interest are involved.

The subject or patient to be treated with the Alphabodies or
polypeptides of the invention may be any warm-blooded ani-
mal, but is in particular a mammal, and more in particular a
human suffering from, or at risk of, diseases and disorders in
which the target molecule of interest to which the Alphabod-
ies or polypeptides of the invention specifically bind to are
involved.

The efficacy of the Alphabodies and polypeptides of the
invention, and of compositions comprising the same, can be
tested using any suitable in vitro assay, cell-based assay, in
vivo assay and/or animal model known per se, or any combi-
nation thereof, depending on the specific disease or disorder
involved. Suitable assays and animal models will be clear to
the skilled person. Depending on the target molecules of
interest involved, the skilled person will generally be able to
select a suitable in vitro assay, cellular assay or animal model
to test the Alphabodies and polypeptides of the invention for
their capacity to affect the activity of these target molecules of
interest, and/or the biological mechanisms in which these are
involved; and for their therapeutic and/or prophylactic effect
in respect of one or more diseases and disorders that are
associated with a target molecule of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described by means of
the following non-limiting Examples and Figures, in which
the FIGURES show:
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FIG. 1. Mlustration of Alphabody groove. The drawing
shows a simplified representation of a single-chain Alpha-
body of the same dimensions as the ‘scAB013_L.16” Alpha-
body described herein. All amino acid residues are depicted
as alanines (C-beta atoms only). The backbone trace is shown
in ribbon representation. Primary, secondary and core groove
positions (as defined herein) are surface-rendered to illustrate
the location and shape of a groove. The c- and g-residues from
one alpha-helix (the A-helix in library scLib_AC11) and the
b- and e-residues from a second alpha-helix (the C-helix in
library scLib_ACI11) are labeled accordingly.

FIG. 2. IMlustration of the amino acid sequences of single-
chain Alphabody scABO13_1.16. The full amino acid
sequence in single-letter code is listed at the bottom, to the
right of the label ‘Full’. Specific segments within the same
sequence are also shown on top, to facilitate identification of
N- and C-terminal flanking segments (labeled ‘N’ and ‘C’,
respectively), linker segments (labeled and ‘[.2°, respec-
tively) and the actual heptad repeat sequences (labeled
‘HRS1’, ‘HRS2’ and ‘HRS3”). Heptad a- and d-positions are
provided at the top row to facilitate their identification within
the heptad repeat sequences.

FIG. 3. Illustration of single-chain Alphabody libraries.
Three Alphabody libraries are shown, each being C-termi-
nally connected to the N-terminus of the phage coat protein
pill. The name of each library is indicated at the top row of
each of the three panels (‘scLib_AC11°, ‘scLib_C9* and
‘scLib_C7”). Their full amino acid sequences are listed (in
single-letter notation) at the bottom of each table panel, to the
right of the label ‘Full’. The symbol ‘x’ is used at positions
that are randomized. ‘PIII” denotes the phage pllIl coat pro-
tein. Specific segments within the same sequences are also
shown on top, to facilitate identification of N- and C-terminal
flanking segments (labeled ‘N’ and ‘C’, respectively), linker
segments (labeled ‘1" and ‘1.2, respectively) and the actual
heptad repeat sequences (labeled ‘HRS1’, ‘HRS2’ and
‘HRS3’). Heptad a- and d-positions are provided at the top
row to facilitate their identification within the heptad repeat
sequences.

FIG. 4. Illustration of additional single-chain Alphabody
libraries. The name of each library is indicated at the top row
of each of the three panels (‘scLib_AC11b’, ‘scLib_AC12’
and ‘scLib_B10). The notations, symbols and formatting are
the same as in FIG. 3. Some amino acid residue positions are
indicated with gray background to highlight the differences in
variegated positions with respect to the libraries from which
they were derived (scLib_AC12 compared to scLib_ACI11
and scLib_B10 compared to scLib_C9).

FIG. 5. Western-Blot analysis of Alphabody library
phages. In each lane, 2x10' phages were applied. Several
batches of phages from each library were tested. Samples
were blotted onto nitrocellulose membrane after SDS-PAGE
in reducing conditions. The presence of the fusion product
was demonstrated by using a mouse anti-gpIll antibody fol-
lowed by an AP-anti-mouse conjugate and the blot was devel-
oped by adding the NBT-BCIP substrate.

FIG. 6. Western-Blot analysis of additional Alphabody
library phages. Phages were run on an 12% SDS-PAGE gel
and transferred on a PVDF membrane for Western blot analy-
sis. The pIll protein was visualized with an anti-pIII antibody.
Panel A: The first two lanes are respectively, a size ladder
(Color Plus Pre-stained protein Ladder broad range 10-230
kDa, NEB) and empty phages. The empty phages displayed
only wild type pllI protein. The next three lanes are a refer-
ence Alphabody library, the scLib_AC12 and the
scLib_AC11b library, respectively. Panel B: The first two
lanes are respectively, a size ladder (Color Plus Pre-stained
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protein Ladder broad range 10-230 kDA, NEB) and phages.
The next two lanes are a reference Alphabody library and the
scLib_B10 library, respectively. The arrow indicates the
Alphabody fusion pllI protein displaying a higher molecular
weight than the wild type plII protein.

FIG. 7. Percentage of positive clones in the successive
biopanning rounds of library scLib_B10, noted as B10 and
scLib_AC12, noted as AC12.

FIG. 8. Table 3: Multiple alignment of 77 Alphabody
sequences resulting from the AC12 library against 1[.-23

EXAMPLES
Example 1
Generation of Single-Chain Alphabody Libraries

The present example demonstrates that single-chain
Alphabody libraries can be obtained which are well-dis-
played on phage and which are potentially useful for obtain-
ing single-chain Alphabody sequences that bind to a target
protein of interest.

A single-chain Alphabody random library was designed
starting from the annotated amino acid sequence and a 3-D
model of a reference Alphabody denoted ‘scAB013_116°. A
simplified 3-D model of this reference Alphabody is illus-
trated in FIG. 1. The amino acid sequence of scABO13_1.16 is
also provided herein as SEQ ID No: 1. The sequence is further
shown in FIG. 2, wherein the conventional heptad core posi-
tions are indicated as well.

An Alphabody groove is formed by two spatially adjacent
alpha-helices of a folded Alphabody protein (FIG. 1). Such
groove is characterized by an (elongated) concave shape.
Since there are three alpha-helices per Alphabody, there are in
principle three candidate grooves which can be randomized.
The said 3-D model was inspected first to select the most
suitable groove for randomization. It was decided to select the
groove between the first alpha-helix (‘A-helix’) and third
alpha-helix (‘C-helix’), which run parallel in the 3-D model.
Next, the model was further inspected to identify the most
suitable amino acid residue positions to be randomized (var-
iegated, varied) in each alpha-helix. It was observed that the
groove is actually formed by residues located at heptad c- and
g-positions in the A-helix and at heptad b- and e-positions in
the C-helix. The g- and e-positions were found to contribute
the most (i.e., most directly) to the groove, and are therefore
denoted ‘primary groove positions’. The c- and b-positions
are located somewhat remotely from the middle of the
groove, and are therefore denoted ‘secondary groove posi-
tions’. In addition to these primary and secondary groove
positions, the bottom of a groove is formed by some core (a-
and d-) positions; in particular, the model showed that core
d-positions of the A-helix and a-positions of the C-helix
might contribute to the shape of the groove as well, especially
if the primary groove positions are occupied by tiny amino
acid residues such as glycine, alanine or serine. Such core a-
and d-positions which may conditionally contribute to the
shape of a groove are herein denoted ‘core groove positions’.

FIG. 1 shows that there are 3 primary e- and also 3 primary
g-positions within the coiled coil part of the scAB013_L16
Alphabody model. It is further seen that there are 4 b- and 4
c-positions at secondary groove positions. Further, there are 4
core d- and 4 core e-positions which may potentially contrib-
ute to the groove. Thus, there are in total 22 positions which
can influence the shape of a groove when being variegated.
When all 22 would be fully randomized into the 20 natural
amino acid residues, this would correspond to a sequence
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space (i.e., the total number of possible combinations) of 20*>
or about 4x107® distinct sequences. Clearly such huge librar-
ies cannot be made in a form wherein all different sequences
are physically present (i.e., such library cannot be ‘com-
plete’). Consequently, and if the envisaged library is aimed to
be complete (or nearly complete), then the number of variable
positions should be drastically reduced.

It was therefore decided not to vary any of the core groove
positions. This decision was further motivated by the (avoid-
ance of) risks associated with mutating core positions in a
coiled coil: many such substitutions would be detrimental for
the stability and/or correct folding of the respective Alpha-
body constructs. Further, it was also decided not to vary two
secondary groove positions. In particular, the first c-position
in the A-helix and the first b-position in the C-helix were kept
constant. Finally, the first primary groove e-position in the
C-helix was also kept fixed as well. This resulted in the
selection of 11 variegated positions within the context of the
reference Alphabody scABO13_L.16. The theoretic sequence
space of such library, when fully randomized, is thus 20'* or
about 2x10'* distinct sequences.

In addition to the variegated positions, two other types of
modifications to the reference Alphabody scABO13_L.16
were made. First, two lysine to glutamic acid mutations were
introduced, i.e., one such mutation at the f-position of the
second heptad in each of helices A and C. Second, two argi-
nine to alanine mutations were introduced, i.e., one such
mutation at the c-position of the fourth heptad in each of
helices B and C. The sequence of this modified single-chain
Alphabody, wherein positions to be variegated are indicated
by ‘x’-symbols, is shown in FIG. 3. This sequence is also
provided as SEQ ID No: 2. The single-chain Alphabody
library that was constructed on the basis of this design is
hereinafter referred to as “scL.ib_AC11’. Since all variegated
positions are located in an Alphabody groove, this library is
also referred to as a ‘pure groove library’.

A second single-chain Alphabody pure groove library was
designed starting from a 3-D model of a smaller Alphabody
reference construct denoted ‘scAB140_1.14°. The latter
essentially corresponds to the scABO13_L.16 construct
wherein the third heptad in each of the alpha-helices is
deleted, the glycine/serine linker sequences are reduced from
16 to 14 residues, and the N-terminal alpha-helix capping
residues are substituted by an alternative, less negatively
charged, motif. Apart from these differences, exactly the
same choices with respect to primary, secondary and core
groove positions to be variegated were made when designing
the library. In view of the deletion of one heptad unit in each
of the helices, this library comprises only 7 variable residue
positions. The theoretic sequence space for full randomiza-
tion is therefore 207 or about 10°, which should guarantee
near-completeness of the actual produced library. The
sequence of this single-chain Alphabody groove library,
denoted ‘scLib_AC7’, is shown in FIG. 3. This sequence is
also provided as SEQ ID No: 3.

A third single-chain Alphabody pure groove library was
designed which was actually a revision of the scLib_ACI11
library. This library, denoted ‘scLib_AC11b’, comprised the
same (eleven) variegated groove residue positions, but some
modifications were made within the N-terminal helix capping
regions and within the linker regions. First, the methionines
preceding the alpha-helical heptad repeat sequences were
mutated into glycine. The reason for these mutations is that
these methionines fulfill a helix capping role and that the 3-D
model used for the construction of the scLib_AC11 library
indicates that they lie in the grooves; such location in a groove
may form a steric obstruction to ligands occupying the
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groove, and therefore they were replaced by the smallest
possible and structurally more flexible amino acid residue
type, i.e., glycine. In addition, the glutamic acids at the c-po-
sitions in the first heptad of each alpha-helix were substituted
into glutamines in order to reduce the negative charges at the
N-terminal ends of each helix and, thus, the potential electro-
static bias resulting from such negative charges. Third, the
distribution of glycines and serines in the linker fragments
was altered in order to reduce the repetitive character. The
sequence of the scLib_AC11b library is shown in FIG. 4 and
is also provided as SEQ ID No: 4.

A fourth single-chain Alphabody library was designed to
explore the potential of generating Alphabodies that bind to
their target via a solvent-exposed area on a single alpha-helix.
Such solvent-exposed alpha-helical region is characterized
by an (elongated) convex shape. In other words, the purpose
of'this design was to generate an Alphabody ‘helix library’ (as
opposed to the scLib_AC11 and scL.ib_AC7 libraries which
are groove libraries) wherein sequence variegation is intro-
duced within a convex, solvent-oriented area of a single
Alphabody helix. The 3-D model of scAB013_1.16 was again
used as the template structure for guiding the selection of
positions to be variegated. It was decided to select the C-helix
in this structure as the one to be variegated. Further inspection
of the model shows that the b-, c- and f-positions together
form a contiguous rim with an (elongated) convex shape.
There are 11 such surface positions discernible in this alpha-
helix. It was observed that, in principle, some flanking e- and
g-positions might potentially aid in the formation of a con-
tiguous binding surface, but this option was discarded in view
of the risk to destabilize the Alphabodies and because the
number of variable positions would run up too much. Thus, all
11 b-, c- and f-positions in the C-helix were initially consid-
ered for variegation, but the two N-terminal glutamates were
finally left unaltered in order not to cancel out their capping
function and to maintain the library completeness within
reasonable bounds. This finally resulted in 9 b-, c- and f-po-
sitions to be variegated in the library. This library was accord-
ingly termed ‘scLib_C9’. Since all variegated residue posi-
tions are located at fully solvent-exposed residue positions in
a single alpha-helix, this library is an example of a ‘pure helix
(surface) library’. The sequence of this library is shown in
FIG. 3. This sequence is also provided as SEQ ID No: 5.

A fifth single-chain Alphabody library was designed to
examine the potential of Alphabody libraries comprising
sequence variation which is not exclusively confined to a
groove. Such ‘non-pure groove library’ was designed to
check whether variegated residue positions outside a groove,
yet immediately flanking this groove region, would also con-
tribute in a favorable sense to the discovery of specific target-
binding Alphabodies. This strategy was further motivated by
the fact that such extensions of variegation outside a groove
would give rise to variegated surface areas having intrinsic
conformational shapes different from an elongated groove
shape. Alphabodies contained in a library comprising
extended variegated surfaces might potentially bind to shape-
complementary epitopes (surface regions) on a target mol-
ecule of interest which are different from those which opti-
mally fit a pure groove. Thus, such extended libraries were
designed to check whether they would be intrinsically better
suited to address (i.e., generate binders to) target molecules
(and surface areas thereon) of diverse shape. A concrete
design of such library was made, starting from the scLi-
b_AC11 library and again using the said scABO13_L.16
Alphabody model. A first modification involved the reduction
of the length of the linker fragments (both linkers were short-
ened by 8 residues). Concerning the variable positions, one
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secondary groove position (at position ¢ in the fourth heptad
of’helix A) was no longer variegated but kept fixed as alanine.
In helix C, two non-groove f-positions were selected to be
variegated in addition to the groove positions that are varie-
gated in the scLib_AC11 library (these non-groove positions
are at the f-positions of both the second and third heptad of
helix C). The model indicated that the new selection of 12
variegated residue positions results in a more condensed,
‘patch-like’ variable surface; the intrinsic shape of this sur-
face is less elongated and broader compared to that of a pure
groove library, and the concave area is appended by a small
convex subarea formed mainly by the newly selected f-posi-
tions. This library was accordingly termed ‘scLib_AC12’.
The sequence of this library is shown in FIG. 4 and is also
provided as SEQ ID No: 6.

A sixth single-chain Alphabody library was designed to
examine the potential of Alphabody libraries comprising
sequence variation which is not exclusively confined to a
single helix surface. Such ‘non-pure helix library’ was
designed to check whether variegated residue positions out-
side a helix surface, yet immediately flanking this helix sur-
face region, would also contribute in a favorable sense to the
discovery of specific target-binding Alphabodies. Again, this
strategy was motivated by the fact that such extensions of
variegation outside a helical surface would give rise to varie-
gated surface areas having intrinsic conformational shapes
different from an elongated rim of helix surface residues.
Alphabodies contained in a such library might potentially
bind to shape-complementary epitopes on a target molecule
of interest which are different from those which optimally fit
a single helix. Thus, such extended libraries were designed to
check whether they would be intrinsically better suited to
address target molecules (and surface areas thereon) of
diverse shape. A concrete design of such library was made,
starting from the scLib_C9 library and again using the said
scABO13_L[.16 Alphabody model. A first modification
involved the selection of the linker fragments, which were
chosen identical to those in the scLib_AC11b library. A sec-
ond modification involved the selection of the helix to be
randomized: here it was opted to introduce sequence variation
in the B-helix instead of the C-helix as in the scLib_C9.
Concerning the actual selection of variable positions, two
previously modified, topologically equivalent helix surface
positions were kept constant (positions fand b in the first and
second heptad of helix B were kept fixed as lysine and ala-
nine, respectively). Then, two groove g-positions in the B-he-
lix were selected to be variegated in addition to the helix
surface positions that are variegated in the C-helix of
scLib_C9 (these groove positions are at the g-positions of
both the second and third heptad of helix B). Finally, the
model suggested that a C-helix position (at the g-position in
the first heptad of the C-helix) would directly adjoin the other
variegated positions, and this position was therefore kept
variable as well. In summary, the model indicated that the new
selection of 10 variegated residue positions results in a more
condensed, ‘patch-like’ variable surface; the intrinsic shape
of'this surface is less elongated and broader compared to that
of a pure helix surface library, and the convex area is
appended by a small concave subarea formed mainly by the
newly selected groove g-positions. This library was accord-
ingly termed ‘scLib_B10’. The sequence of this library is
shown in FIG. 4 and is also provided as SEQ ID No: 7.

The actual single-chain Alphabody libraries were ordered
at Geneart AG (Regensburg, Germany). A “3+3” monovalent
display format (Smith, Gene 128:1-2(1993)) was adopted
using the pCx1 vector, a pHEN-derived phagemid. The librar-
ies scLib_AC11, scLib_AC7 and scLib_C9 were delivered as
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transformed E. coli TG1cells with a guaranteed minimum of
108 unique clones. The libraries scLib_AC11b, scLib_AC12
and scLib_B10 were delivered with a guaranteed minimum of
109 unique clones. The Alphabody sequences were fused to
the pill coat protein of M 13 phages. They were attached via
their C-terminus to the pill coat protein through a linker
sequence that contains an amber codon (at the genetic level)
and a His6-tag (SEQ ID NO: 86). Exportation of the fused
Alphabodies to the periplasm was ensured by the presence of
aPelB leader sequence at the N-terminus The level of display
on phage was checked using Western-Blotting and was found
to be suitably high. Analysis showed that in general one third
of the phages displayed an Alphabody (FIG. 5).

Example 2

Use of the Alphabody Libraries of the Invention for
the Generation of Target-Specific Alphabodies

Using the Alphabody libraries such as those described
above, binders for human IL.-23 were generated. Interleukin-
23 (IL-23) is a heterodimeric cytokine consisting of two
subunits, p40 consisting of 3 domains, each formed by beta-
strands and another p19 which has a four-helix bundle orga-
nization. The p40 subunit is also found in IL.-12. Accordingly,
the biopanning protocol was slightly adjusted to further the
selection of Alphabodies binding the P19 subunit, in order to
obtain Alphabodies specific for IL-23.

Libraries
The phage libraries scLib_AC12 and scLib_B10 obtained

as described in Example 1 were used. These phage libraries

displayed the randomized Alphabody sequences as fusion
proteins with the viral pIII protein.

ThescLib B10is ahelix library, while scLib AC12 is a groove
library.

The definition of the libraries is shown in FIG. 7.

Rescue of the phage libraries***PLEASE CONSIDER TO

WHAT EXTENT WE REALLY HAVE TO PROVIDE ALL

THIS DETAIL. IS THIS NOT COMMON GENERAL

KNOWLEDGE+KNOW HOW ?7#**

The inoculums (0.608 ml and 1.157 ml, of respectively) of
the library stock were transferred to the calculated volume
(respectively 933 and 1466 ml) of growth medium consisting
of 2xTY supplemented with 0.1 mg/ml ampicillin and 2% of
glucose (2xTY-AG). The bacterial cultures were grown at 37°
C. with shaking (300 rpm) in baffle flasks to reach an OD600
nm of 0.5 (mid-log phase). The bacterial culture was used for
superinfection with helper phage M13K07 (GE Healthcare)
to produce phage particles. The ratio helper phage/bacteria
applied for the superinfection was 20:1.

The infection culture was incubated at 37° C. for 30 min
without shaking to allow infection of the bacteria. After incu-
bation, a sample of the infection culture was taken for titration
on 2xTY-AG agar plates and 2xTY-AGK agar plates (K
standing for kanamycin (25 microgram/ml) since helper
phage are kanamycin resistant) to determine the number of
viable and infected bacteria, respectively. The infection cul-
ture was then incubated for an additional 30 min, at 37° C.
with shaking.

After incubation, bacterial cell pellets were obtained by cen-
trifugation of the cultures at 4000 rpm for 10 min at room
temperature. The bacterial pellets were resuspended in the
same volume of pre-warmed 2xTY-AK medium as the
initial start volume. Cultures were grown overnight at 30°
C. with shaking (300 rmp).

After overnight incubation, a sample of the culture was
taken for titration on 2xTY-AGK agar plates to determine
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viable cells. The cultures were cooled for 5 min on ice and
bacteria were pelleted at 7000 rpm for 20 min. The superna-
tant was collected to precipitate phage by adding Y5th of the
volume of a solution of 20% PEG 4000/2.5 M NaCl and
incubated 1 to 2 hours on ice. After incubation phage were
recovered by centrifugation at 4° C., 7000 rpm for 20 min.
Phage pellet was solved in 35 ml Phosphate Buffered Saline
(PBS)/900 ml of bacterial culture and bacterial debris was
removed by centrifugation at 12000 rpm, 10 min. A second
PEG/NaCl precipitation was performed for 1 hr followed by
removal of bacterial debris. Finally, purified phage corre-
sponding to the library were obtained (10 m1/900 ml initial
bacterial culture). 15% of glycerol was added to the phage to
store at -80° C.

The titer of the phage preparation corresponding to the
library was determined by infecting bacteria (E. coli TG1
strain) with serial dilutions of purified phage and plating out
these dilutions on 2xTY-AG agar plates. This titration
allowed to determine the number of infectious phage particles
(colony forming units (cfu) or transducing units (TU)).
Although the libraries were provided as transformed E. coli
ER 2738 bacteria, all further phage propagations were per-
formed using a E. coli TG1 strain (Stratagene), a common
strain used in phage display technology.

The expression of Alphabodies was evaluated in Western
Blot analysis using an anti-plll antibody to determine the
presence of wild type plll protein and the Alphabody fusion
pIII protein. The molecular weight of the fusion pIll protein is
higher than the wild type plllI protein and will thus migrate
slower in the SDS-PAGE gel. When fusion protein is present,
two bands should be visualized using the anti-pIIl antibody.

The titers of the rescued libraries of this particular example
are shown in Table 1. For the libraries scLibO13APL8_AC12,
scLib013APL16_B10 titers of 14 and 8 times the size of the
library, respectively were obtained. Western blot analysis
showed that for all libraries Alphabody-fusion plII protein
was present (FIG. 6). Two bands were visualized. The lower
band corresponded to wild type plII and the upper band with
higher molecular weight to fusion plII protein (FIG. 6). In
conclusion, the rescue of the libraries was successful. Titers
of a factor 10 above the initial library size were obtained and
according the Western Blot, all libraries displayed fusion pIII
proteins.

TABLE 1
Size of the
Library library Stock Titer after rescue
scLib013APL8_AC12 14x10° 23x10%ml 2 x 10'°, 14 times
library size
scLib013APL16_B10 22%x10° 1.9x10%ml 1.9 x 10'°, 8 times
library size

Biopanning Protocol

A soluble biopanning protocol was used. The capturing of
the target 11.-23 after interaction with the phage library was
performed using a biotinylated anti-p40 I1.-23 antibody (Bi-
olegend, 508802, clone C8.6) recognizing the subunit p40 of
the cytokine IL.-23. Prior to incubation with the library, the
cytokine I[.-23 (eBioscience, 34-8239-85, lot E034049) was
incubated with the anti-p40 antibody. This strategy was
developed to drive the selections towards binders of the p19
subunit of 1L.-23 by blocking the p40 unit with an antibody.
This particular antibody was then also used to immobilize
1L.-23 on solid support for washing purposes.

Concretely, variable concentrations of I1[.-23 were incu-
bated at twice the concentration of biotinylated anti-p40

10

15

20

25

30

35

40

45

50

55

60

65

44

1L-23 antibody in 0.1% BSA in PBS (phosphate buffered
saline, pH 7.2) buffer for 1 hrs. The concentrations of 11.-23
varied in function of the selection round as a part of the
stringency protocol to obtain target-specific phage. Five
rounds were performed using 200, 100, 50, 25, 12.5 nM of
1L-23. In contrast, the concentration of input phage, i.e. phage
added to the target in each selection round remained constant.

To avoid the selection of IgG-Fc binders since an anti-p40
antibody was used to bind I[.-23, from the second round on,
20 micromolar of whole IgG (Sanguin, The Netherlands) was
added to the 11.-23_anti-p40 antibody_phage mixture. The
phage were incubated with the target (anti-p40+I1.-23) for 1
hr at room temperature followed by capturing on 0.1 ml
streptavidin coated magnetic Dynabeads (Dynabeads M280
Streptavidin, Invitrogen) for 30 min. Prior use, the magnetic
beads were washed as recommended by the manufacturer and
blocked with 0.1% BSA in PBS for 1 hr at room temperature
on a rotating wheel.

After capturing, the magnetic beads were then washed 10
times with 1 ml of PBS containing 0.1% of Tween 20 to
eliminate non-specific phage. Magnetic beads can be easily
washed by using a magnet as known to anyone skilled in the
art of biopanning.

Target-specific phage were eluted from the beads using 0.2
ml glycine-HCI buffer pH 2 for 5 min. followed by neutral-
ization with 0.05 ml of Tris buftfer pH8. A supplementary
fraction was recovered by adding directly mid-log bacteria to
the magnetic bead.

A sample of the eluted phage was used to prepare ten-fold
dilutions (1E-1 to 1 E-4) of the eluted phage in 2xTY for
titration by infection of E. co/i TG1 bacteria grown to mid-log
phase (OD600 nm=0.5). The same dilutions (1E-7 to 1E-9)
were also prepared from a small sample of the phage used as
INPUT in the selection round. These titration results will
allow the calculation of the yield of the selection round using
the formula described earlier.

In this example, 0.9 ml bacteria were added to the 0.1 ml
phage dilutions and incubated for 30 min at 37° C. 0.1 ml of
the infection culture is plated on 2xTY-AG agar plates for
colony counting and titer determination.

The eluted phage were used to infect 20 ml of mid-log
phage E. coli TG1 bacteria during 30 min at 37° C. After
incubation a bacterial pellet was obtained by centrifugation at
4000 rpm for 10 min. The pellet was resuspended in 2 ml of
2xTY and plated out on 2 big 2xTY-AG agar plates (25x25
cm).

A volume 0f'0.25 ml of mid-log phase bacteria were added
directly on the magnetic beads and incubated for 30 min at
37° C. A sample was taken for titration as previously
described. The infection culture was plated out on a big
2xTY-AG agar plate.

The next day colonies on each plate were counted and the
titer of the INPUT and OUTPUT phage was determined for
yield calculations. Bacteria on the big agar plates correspond-
ing to the large infection culture were scraped from the plate
using LB, the number of bacteria was determined by measur-
ing at OD600 nm and 15% glycerol was added to store at —80°
C. Phage were rescued from these glycerolstocks as previ-
ously described to obtain purified phage for the consecutive
selections rounds. 1E12 phage were taken for the next selec-
tion round.

The titers obtained for the 5 selection rounds with the
individual and pooled libraries on I1.-23 are shown in Table 2.
For biopanning with AC12 library the highest yield was
obtained after four selection rounds (Table 2). Biopanning
with the library B10 resulted in the highest yield after 5
rounds (Table 2). For the biopanning campaigns, enrichments
were observed since the output titer increased between 48 and
100 times.
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TABLE 2
IL-23
Round (nM) concentration INPUT titer OUTPUT titer
Library AC12
1 200 10 x 10*2 9x10°
2 100 10 x 10%2 3x 106
3 50 10 x 10%2 24 % 108
4 25 10 x 10%2 43 % 108
5 125 10 x 10*2 17 x 108
Library B10
1 200 10 x 10%2 3x10°
2 100 10 x 10*2 6x10°
3 50 10 x 10%2 9x 106
4 25 10 x 10%2 28 x 106
5 125 10 x 10*2 2x107

To isolate target positive clones from the different selection
rounds and to further determine the efficacy of the biopan-
ning, screening by ELISA assays was performed. In this
assay, supernatant from small volume bacterial cultures was
tested. These bacterial cultures corresponded to individual
clones (=individual phage) randomly picked from the titra-
tion plates from the different selection rounds. These bacte-
rial clones were grown in 96 deep-well plates in 0.12 ml
2xTY-AG at 30° C. overnight while shaking (180 rpm)
(MASTERPLATE). The next day, 0.002 ml of this plate was
used to inoculate 0.1 ml/well of 2xTY-A without glucose and
M13K07 helper phage were added (2x10° plaque forming
units/0.02 microl/well) immediately. After 2.5 hours of incu-
bation at 37° C. while shaking (180 rpm), 0.030 ml 2xTY-AK
(Amp: 0.1 mg/ml and Kan: 0.05 mg/ml) was added to the
cultures and further incubated overnight for phage propaga-
tion at 30° c. while shaking (180 rpm).

For the masterplate, 0.020 ml of 80% glycerol was added
for storage at —80° C. The masterplate serves to grow indi-
vidual positive clones and subsequent phage purification for
further characterization of their target interaction.

In this example, 44 clones per selection round from the 4
biopanning campaigns were screened. No clones were
screened from the first selection round since the expectations
to isolate target-specific clones from this round are low.

The set-up of the ELISA was as followed. Neutravidin was
immobilized on the plate at a concentration 0f 0.010 mg/ml in
PBS (0.100 ml) for 1 hour at room temperature (RT). Plates
were washed 5 times with PBS containing 0.05% Tween 20
(PBST) for 5 min. Subsequently, 0.1 ml Biotinylated anti-p40
antibody (100 nM) was added to the plates in PBS containing
0.1% BSA and incubated overnight at 4° C. or at RT for 1
hour. After incubation, plates were washed 5 times with PBST
and blocked with PBS containing 0.1% BSA and 0.5% gela-
tin (0.120 ml/well) for at least 1 hour at room temperature or
overnight at 4° C. After washing 5 times with PBST, 100 nM
1L-23 was added in 0.1 ml PBS, 0.1% BSA (=target). For
individual negative controls no I1.-23 was added (=back-
ground).

In the meanwhile, the bacteria plates were centrifuged at
1700 rpm for 10 min to pellet the bacteria. Plates with the
immobilized IL.-23 were washed 5 times with PBST and
0.050 ml of PBS with 0.2% BSA were added to the plate
together with 0.050 ml of the bacterial culture supernatant
containing phage. Plates were incubated for 1 to 1.5 hours at
room temperature with shaking. Shaking of the plates
enhanced the ELISA signals.

After the incubation the plates were washed 5 times with
PBST and incubated with an anti-M13 antibody conjugated
to HRP diluted 1:5000 in 2% PBS containing 0.1% BSA (0.1
ml/well) for 40 min at room temperature while rocking. Plates
were washed 5 times and TMB (substrate of HRP) solution
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(0.1 ml/well) was added and plates were incubated in the dark
between 5 to 30 min. The reaction was stopped by adding 0.05
ml 2N H2S04 to each well and the plates were read at 450 nm.
Identification of Positive Clones

Clones were considered positive when the signal on the
target was at least 3 times above background.

The biopanning campaign for AC12 resulted in a positive
correlation between the percentage of positive clones deter-
mined by ELISA and the increasing selection rounds.

The library B10 performed less well and only a weak
number of positive clones was retrieved from this library. For
the AC12 library, more than 90% of positive clones were
obtained after 4 selection rounds

This ELISA can also be performed using soluble Alpha-
bodies instead of Alphabodies displayed on phage. The pro-
duction of soluble Alphabodies is based on the catabolic
repression of the lacZ promoter by using glucose free condi-
tions and the isopropylthio-beta-galactosidase (IPTG) induc-
tion of transcription by inactivating the laclq repressor on the
bacterial genome. The gene coding for Alphabody is tran-
scribed and soluble Alphabody is produced.

Bacterial colonies are randomly picked from the titration
plates of the selection rounds and grown in 96-well plates in
0.12 ml 2xTY-AG at 30° C., overnight while shaking (180
rpm). The next day, 0.002 ml of this plate is used to inoculate
0.1 ml/well of 2xTY-A with 0.1% glucose and further grown
at37° C. to reach an OD600 nm of 0.9 (approximately 2 to 3
hours). Then, 0.03 ml 2xTY-A with 3.3 mM IPTG is added to
the cultures and further incubated at 30° ¢. while shaking (180
rpm) for 16 to 18 hours. After the induction of the expression
with IPTG, 0.014 ml of freshly prepared B-per (Pierce) is
added per well and incubated for 15 min at room temperature
while mixing. The supernatant is then used in ELISA assays.

Sequencing

The Alphabody sequences were determined for all positive
clones binding to 1L.-23 from the AC12 biopanning (picked
from the different biopanningrounds). These sequences were
determined by the standard DNA sequencing service of the
VIB Genetic Service Facility, University of Antwerp (Bel-
gium) using Sanger sequencing and MI13RS sequencing
primer. Table 3 (FIG. 8) shows a multiple alignment of 77
Alphabody sequences resulting from the AC12 library against
1L-23. These Alphabodies can also be readily made in soluble
Alphabodies (i.e. outside the phage format) as described
above and subsequently purified by standard Ni-NTA/SEC
procedure as known to anyone skilled in the art of protein
purification. The Ni-NTA purification is a straightforward
first purification step as usually the soluble Alphabody con-
tains a His-tag either at the C-terminal end of the Alphabody
(as is the case in the Alphabody library format AC12, B10) or
at the N-terminus as the result of a recloning step wherein a
given Alphabody gene is excised from its phage context (by
standard molecular biology techniques) and inserted in a
suitable expression vector such as e.g. pET16 wherein a
hisTag and protease cleavage site precedes the Alphabody
gene. To determine the Kd (dissociation constant) for binding
to 1L.-23, the soluble Alphabodies are subjected to a (kinetic)
Biacore analysis or to Friguet (indirect ELISA) analysis
(Friguet et al., 1985) or to another appropriate method as
known to anyone skilled in the art of measuring binding
strengths.

Cross-Reactivity with Mouse 11.-23

The cross-reactivity with mouse 11.-23 was studied using
ELISA assays in which mouse 1[.-23 was captured by an
mouse anti-p40 antibody in analogy with the human I1.-23
strategy. The ELISA assays were performed as previously
described and clones were considered positive when their
signal on target was at least 2.5 times above the signal on
background. It was observed that for the IL.-23 positive clones
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resulting from the AC12 library, 26% of the analyzed clones
were cross-reactive with mouse 1L.-23 (T/B>2.5).

Cross-Reactivity with 11.-12

The domain specificity of the 127 different clones was also
tested on human I[.-12. The ELISA was performed as
described for I1.-23. Human IL-12 was captured on the plate

48

via an anti-human p40 antibody and the ELISA was per-
formed as previously described. The ELISA results showed
that 5/76 and 0 clones from respectively the AC12 and B10
libraries were cross-reactive with human IL-12. For the AC12
library 4 on the 5 human IL.-12 positive clones also cross-
reacted with mouse 1L-23.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 118
<210> SEQ ID NO 1
<211> LENGTH: 117
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(2)
<223> OTHER INFORMATION: N-terminal
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(27)
<223> OTHER INFORMATION: HRS1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (28).. (46
<223> OTHER INFORMATION: L1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (47)..(71
<223> OTHER INFORMATION: HRS2
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (72)..(90)
<223> OTHER INFORMATION: L2
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (91).. (115
<223> OTHER INFORMATION: HRS3
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (116)..(117)
<223> OTHER INFORMATION: C-terminal
<400> SEQUENCE: 1
Met Ser Ile Glu Glu Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln
1 5 10 15
Ile Ala Ala Ile Gln Lys Gln Ile Tyr Arg Met Thr Gly Gly Ser Gly
20 25 30
Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Ile Glu
35 40 45
Glu Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile
50 55 60
Gln Lys Gln Ile Tyr Arg Met Thr Gly Gly Ser Gly Gly Gly Ser Gly
65 70 75 80
Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Ile Glu Glu Ile Gln Lys
85 90 95
Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile
100 105 110
Tyr Arg Met Thr Pro
115

<210> SEQ ID NO 2

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

-continued
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:
polypeptide
FEATURE:
NAME/KEY: misc_feature
LOCATION: (1)..(22)
OTHER INFORMATION: N-terminal
FEATURE:
NAME/KEY: misc_feature
LOCATION: (23)..(47)
OTHER INFORMATION: HRS1
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (29)..(29)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (32)..(32)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (36)..(36)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (39)..(39)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (43)..(43)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (46)..(46)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: misc_feature
LOCATION: (48)..(66)
OTHER INFORMATION: L1
FEATURE:
NAME/KEY: misc_feature
LOCATION: (67)..(91)
OTHER INFORMATION: HRS2
FEATURE:
NAME/KEY: misc_feature
LOCATION: (92)..(110)
OTHER INFORMATION: L2
FEATURE:
NAME/KEY: misc_feature
LOCATION: (111)..(135)
OTHER INFORMATION: HRS3
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (119)..(119)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (122)..(122)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (126)..(126)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (129)..(129)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (133)..(133)
OTHER INFORMATION: Any amino acid
FEATURE:
NAME/KEY: misc_feature
LOCATION: (136) .. (155)

OTHER INFORMATION: C-terminal

Synthetic
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-continued

<400> SEQUENCE: 2

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala
1 5 10 15

Ala Gln Pro Ala Met Ser Ile Glu Glu Ile Gln Lys Xaa Ile Ala Xaa
20 25 30

Ile Gln Glu Xaa Ile Ala Xaa Ile Gln Lys Xaa Ile Tyr Xaa Met Thr
35 40 45

Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly

Met Ser Ile Glu Glu Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln
65 70 75 80

Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Gly Ser Gly
85 90 95

Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Ile Glu
100 105 110

Glu Ile Gln Lys Gln Ile Xaa Ala Ile Xaa Glu Gln Ile Xaa Ala Ile
115 120 125

Xaa Lys Gln Ile Xaa Ala Met Thr Pro Gly Gly Ser Gly Gly Ala Ala
130 135 140

Ala His His His His His His Gly Arg Ala Glu
145 150 155

<210> SEQ ID NO 3

<211> LENGTH: 134

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: N-terminal

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (23)..(40)

<223> OTHER INFORMATION: HRS1

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (29)..(29)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (32)..(32)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (36)..(36)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(59)

<223> OTHER INFORMATION: L1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (60)..(77)

<223> OTHER INFORMATION: HRS2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (78)..(96)

<223> OTHER INFORMATION: L2



US 9,315,805 B2

53

-continued

54

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (97)..(114)

<223> OTHER INFORMATION: HRS3

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (105)..(105)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (108)..(108)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (112)..(112)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (115)..(134)

<223> OTHER INFORMATION: C-terminal

<400> SEQUENCE: 3

Met

1

Ala

Ile

Gly

Lys

65

Ser

Ile

Ala

Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu
5 10 15

Gln Pro Ala Met Asp Ile Gln Gln Ile Gln Lys Xaa Ile Ala
20 25 30

Gln Glu Xaa Ile Tyr Xaa Met Thr Gly Gly Ser Gly Gly Gly
35 40 45

Gly Gly Ser Gly Gly Gly Ser Gly Met Asp Ile Gln Gln Ile
50 55 60

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly
Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Met
85 90 95

Gln Gln Ile Gln Lys Gln Ile Xaa Ala Ile Xaa Glu Gln Ile
100 105 110

Met Thr Pro Gly Gly Ser Gly Gly Ala Ala Ala His His His
115 120 125

His Gly Arg Ala Glu
130

<210> SEQ ID NO 4

<211> LENGTH: 156

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(23)

<223> OTHER INFORMATION: N-terminal
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (24)..(48)

<223> OTHER INFORMATION: HRS1

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (30)..(30)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (33)..(33)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (37)..(37)

<223> OTHER INFORMATION: Any amino acid

Ala

Xaa

Ser

Gln

Gly

Asp

Xaa

His

Synthetic
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-continued
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<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (40)..(40)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (44)..(44)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (47)..(47)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (49)..(67)

<223> OTHER INFORMATION: L1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (68)..(92)

<223> OTHER INFORMATION: HRS2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (93)..(111)

<223> OTHER INFORMATION: L2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (112)..(136)

<223> OTHER INFORMATION: HRS3

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (120)..(120)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (123)..(123)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (127)..(127)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (130)..(130)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (134)..(134)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (137)..(156)

<223> OTHER INFORMATION: C-terminal

<400> SEQUENCE: 4

Met

1

Ala

Xaa

Thr

Gly

65

Gln

Gly

Glu

Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala
5 10 15

Gln Pro Ala Gly Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile Ala
20 25 30

Ile Gln Glu Xaa Ile Ala Xaa Ile Gln Lys Xaa Ile Tyr Xaa Met
35 40 45

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Gly
50 55 60

Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
70 75 80

Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly
85 90 95

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile
100 105 110

Gln Ile Gln Lys Gln Ile Xaa Ala Ile Xaa Glu Gln Ile Xaa Ala
115 120 125
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Ile Xaa Lys Gln Ile Xaa Ala Met Thr Pro Gly Gly Ser Gly Gly Ala
130 135

140

Ala Ala His His His His His His Gly Arg Ala Glu

145

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Met Lys Tyr Leu Leu Pro Thr Ala Ala

1

Ala Gln Pro Ala Met Ser Ile Glu Glu

Ile Gln Lys Gln Ile Ala Ala Ile Gln

150

SEQ ID NO 5

LENGTH: 155

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(22)

OTHER INFORMATION: N-terminal
FEATURE:
NAME/KEY: misc_feature

LOCATION: (23)..(47)
OTHER INFORMATION: HRS1
FEATURE:

NAME/KEY: misc_feature
LOCATION: (48)..(66)
OTHER INFORMATION: L1
FEATURE:

NAME/KEY: misc_feature
LOCATION: (67)..(91)
OTHER INFORMATION: HRS2
FEATURE:

NAME/KEY: misc_feature
LOCATION: (92)..(110)
OTHER INFORMATION: L2
FEATURE:

NAME/KEY: misc_feature
LOCATION: (111)..(135)
OTHER INFORMATION: HRS3
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (116)..(116)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (119)..(120)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (123)..(123)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (126)..(127)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (130)..(130)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (133)..(134)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: misc_feature

LOCATION: (136) .. (155)

OTHER INFORMATION: C-terminal

SEQUENCE: 5

5 10

20 25

35 40

155

45

30

15

Synthetic

Ala Gly Leu Leu Leu Leu Ala

Ile Gln Lys Gln Ile Ala Ala

Lys Gln Ile Tyr Ala Met Thr
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Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly
50 55 60

Met Ser Ile Glu Glu Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln
65 70 75 80

Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Gly Ser Gly
85 90 95

Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Ile Glu
100 105 110

Glu Ile Gln Xaa Gln Ile Xaa Xaa Ile Gln Xaa Gln Ile Xaa Xaa Ile
115 120 125

Gln Xaa Gln Ile Xaa Xaa Met Thr Pro Gly Gly Ser Gly Gly Ala Ala
130 135 140

Ala His His His His His His Gly Arg Ala Glu
145 150 155

<210> SEQ ID NO 6

<211> LENGTH: 140

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(23)

<223> OTHER INFORMATION: N-terminal

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (24)..(48)

<223> OTHER INFORMATION: HRS1

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (30)..(30)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (33)..(33)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (37)..(37)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (40)..(40)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (44)..(44)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (49)..(59)

<223> OTHER INFORMATION: L1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (60)..(84)

<223> OTHER INFORMATION: HRS2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (85)..(95)

<223> OTHER INFORMATION: L2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (96)..(120)

<223> OTHER INFORMATION: HRS3

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (104)..(104)

<223> OTHER INFORMATION: Any amino acid
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-continued

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (107)..(108)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (111)..(111)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (114)..(115)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (118)..(118)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (121)..(140)

<223> OTHER INFORMATION: C-terminal

<400> SEQUENCE: 6

Met

1

Ala

Xaa

Thr

Lys

65

Ile

Glu

Ile

Ala

Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu
5 10 15

Gln Pro Ala Gly Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile
20 25 30

Ile Gln Glu Xaa Ile Ala Xaa Ile Gln Lys Xaa Ile Tyr Ala
35 40 45

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile
50 55 60

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser
85 90 95

Gln Ile Gln Lys Gln Ile Xaa Ala Ile Xaa Xaa Gln Ile Xaa
100 105 110

Xaa Xaa Gln Ile Xaa Ala Met Thr Pro Gly Gly Ser Gly Gly
115 120 125

Ala His His His His His His Gly Arg Ala Glu
130 135 140

<210> SEQ ID NO 7

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: N-terminal
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (23)..(47)

<223> OTHER INFORMATION: HRS1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (48)..(66)

<223> OTHER INFORMATION: L1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (67)..(91)

<223> OTHER INFORMATION: HRS2

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (76)..(76)

<223> OTHER INFORMATION: Any amino acid

Ala

Ala

Met

Gln

Gln

80

Ile

Ala

Ala

Synthetic
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-continued

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (79)..(80)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (82)..(83)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (86)..(87)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (89)..(90)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (92)..(110)

<223> OTHER INFORMATION: L2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (111)..(135)

<223> OTHER INFORMATION: HRS3

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (117)..(117)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (136)..(155)

<223> OTHER INFORMATION: C-terminal

<400> SEQUENCE: 7

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala
1 5 10 15

Ala Gln Pro Ala Met Ser Ile Glu Glu Ile Gln Lys Gln Ile Ala Ala
20 25 30

Ile Gln Glu Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
35 40 45

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Gly Gly
50 55 60

Met Ser Ile Glu Glu Ile Gln Lys Gln Ile Ala Xaa Ile Gln Xaa Xaa
65 70 75 80

Ile Xaa Xaa Ile Gln Xaa Xaa Ile Xaa Xaa Met Thr Gly Ser Gly Gly
85 90 95

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Met Ser Ile Glu
100 105 110

Glu Ile Gln Lys Xaa Ile Ala Ala Ile Gln Glu Gln Ile Ala Ala Ile
115 120 125

Gln Lys Gln Ile Tyr Ala Met Thr Pro Gly Gly Ser Gly Gly Ala Ala
130 135 140

Ala His His His His His His Gly Arg Ala Glu
145 150 155

<210> SEQ ID NO 8

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Any amino acid
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-continued

66

<400> SEQUENCE:

8

Gly Ser Ile Glu Gln Ile Gln Lys Trp Xaa Ala

1 5 10
<210> SEQ ID NO 9
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 9
Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Arg Ile Gln Glu Val
1 5 10 15
Ile Ala Lys Ile Gln Lys Gly Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80
Gln Ile Val Ala Ile Thr His Gln Ile Thr Ala Ile Ile Trp Gln Ile
85 90 95
Trp Ala Met Thr Pro
100
<210> SEQ ID NO 10
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 10
Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala Phe Ile Gln Glu Thr
1 5 10 15
Ile Ala Trp Ile Gln Lys Asn Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80
Gln Ile Ser Ala Ile Ala Arg Gln Ile Arg Ala Ile Leu Gly Gln Ile
85 90 95
Phe Ala Met Thr Pro
100
<210> SEQ ID NO 11
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide
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<400>

SEQUENCE: 11

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile

1

Ile Ala Trp Ile Gln Lys Lys Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Arg Ala Ile Val Gly Gln Ile Met

85 90

Thr Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 12

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 12

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile

1

5 10

Ile Ala Cys Ile Gln Lys Asn Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Thr Ala Ile Ala Ser Gln Ile Tyr

85 90

Thr Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 13

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 13

Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile

1

5 10

Ile Ala Trp Ile Gln Lys Ser Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Ala Met Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Leu Arg Gln
95

Artificial Sequence:

Ala Asn Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Val Ala Gln
95

Artificial Sequence:

Ala Leu Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Tyr

Gly

Ala

Thr

Lys
80

Ile

Synthetic

Leu

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Trp

Gly

Ala

Thr
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70

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Leu Ala Ile Ser Leu Gln Ile Met Ala Ile Leu Glu Gln Ile
85 90 95

Met Ala Met Thr Pro
100

<210> SEQ ID NO 14

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 14

Gly Ser Ile Glu Gln Ile Gln Lys Ile Ile Ala Gly Ile Gln Glu Gly
1 5 10 15

Ile Ala Ser Ile Gln Lys
20

<210> SEQ ID NO 15

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 15

Gly Ser Ile Glu Gln Ile Gln Lys Tyr Ile Ala Pro Ile Gln Glu Ile
1 5 10 15

Ile Ala Lys Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Gly Ala Ile Ile Ser Gln Ile Gly Ala Ile Leu Gly Gln Ile
85 90 95

Tyr Ala Met Thr Pro
100

<210> SEQ ID NO 16

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 16

Gly Ser Ile Glu Gln Ile Gln Lys Lys Ile Ala Thr Ile Gln Glu Tyr
1 5 10 15

Ile Ala Tyr Ile Gln Lys Phe Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45
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72

Ile Gln Lys Gln Ile

Ala Ala Ile Gln Lys

50 55
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser
65 70
Gln Ile Lys Ala Ile Leu Gly Gln Ile Gly
85 90
Trp Ala Met Thr Pro
100
<210> SEQ ID NO 17
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of
polypeptide
<400> SEQUENCE: 17
Gly Ser Ile Glu Gln Ile Gln Lys Lys Ile
1 5 10
Ile Ala Gly Ile Gln Lys Gly Ile Tyr Ala
20 25
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile
35 40
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
50 55
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser
65 70
Gln Ile Ser Ala Ile Ile Ile Gln Ile Thr
85 90
Met Ala Met Thr Pro
100
<210> SEQ ID NO 18
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>

peptide

<400> SEQUENCE:

18

Gln Ile Tyr Ala Met Thr
60

Ile Glu Gln Ile Gln Lys
75 80

Ala Ile Ile Gly Gln Ile
95

Artificial Sequence: Synthetic

Ala Val Ile Gln Glu Val
15

Met Thr Gly Gly Ser Gly
30

Gln Lys Gln Ile Ala Ala
45

Gln Ile Tyr Ala Met Thr
60

Ile Glu Gln Ile Gln Lys

Ala Ile Val Lys Gln Ile
95

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

Gly Ser Ile Glu Gln Ile Gln Lys Tyr Ile Ala Met Ile Gln Glu

1 5 10
<210> SEQ ID NO 19
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
polypeptide
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: Any amino acid

15

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (86)..(86)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (94)..(94)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 19

Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile Ala Xaa Ile Gln Glu Xaa
1 5 10 15

Ile Ala Asn Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys

Gln Ile Arg Ala Ile Xaa Glu Gln Ile Ala Ala Ile Phe Xaa Gln Ile
85 90 95

Phe Ala Met Thr Pro
100

<210> SEQ ID NO 20

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 20

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala Pro Ile Gln Glu Cys
1 5 10 15

Ile Ala Phe Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Thr Ala Ile Gly Arg Gln Ile Met Ala Ile Phe Ile Gln Ile

Trp Ala Met Thr Pro
100

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 21

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala Arg Ile Gln Glu Pro
1 5 10 15

Ile Ala
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<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 22

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of

polypeptide
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (9)..(9)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (12)..(12)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (23)..(23)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (90)..(90)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (97)..(97)

OTHER INFORMATION: Any amino acid

SEQUENCE: 22

Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile

1

5 10

Ile Ala Gln Ile Gln Lys Xaa Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Trp Ala Ile Val Ser Gln Ile Xaa

85 90

Xaa Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 23

LENGTH: 82

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 23

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile

1

5 10

Ile Ala Val Ile Gln Lys Ser Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile

Artificial Sequence:

Ala Xaa

Met Thr

Gln Lys

Gln Ile
60

Ile Glu
75

Ala Ile

Artificial Sequence:

Ala Tyr

Met Thr

Gln Lys

Gln Ile

60

Ile Glu
75

Ile

Gly

Gln

45

Tyr

Gln

Leu

Ile

Gly

Gln

45

Tyr

Gln

Gln

Gly

30

Ile

Ala

Ile

Val

Gln

Gly

30

Ile

Ala

Ile

Glu

15

Ser

Ala

Met

Gln

Gln
95

Glu

15

Ser

Ala

Met

Gln

Synthetic

Trp

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Lys

Gly

Ala

Thr

Lys
80
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<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 24

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of

polypeptide

FEATURE:

NAME/KEY: MOD_RES
LOCATION: (19)..(19)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (23)..(23)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (87)..(87)

OTHER INFORMATION: Any amino acid

SEQUENCE: 24

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile

1

5 10

Ile Ala Xaa Ile Gln Lys Xaa Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

Gln Ile Glu Ala Ile Ser Xaa Gln Ile Val

85 90

Leu Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 25

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 25

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile

1

5 10

Ile Ala Ala Ile Gln Lys Tyr Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Ala Ala Ile Gly Ser Gln Ile Ile

85 90

Arg Ala Met Thr Pro

100

Artificial Sequence:

Ala Gly

Met Thr

Gln Lys

Gln Ile
60

Ile Glu
75

Ala Ile

Artificial Sequence:

Ala Ser

Met Thr

Gln Lys

Gln Ile
60

Ile Glu
75

Ala Ile

Ile

Gly

Gln

45

Tyr

Gln

Ile

Ile

Gly

Gln

45

Tyr

Gln

Val

Gln

Gly

Ile

Ala

Ile

Gly

Gln

Gly

30

Ile

Ala

Ile

Arg

Glu

15

Ser

Ala

Met

Gln

Gln
95

Glu

15

Ser

Ala

Met

Gln

Gln
95

Synthetic

Arg

Gly

Ala

Thr

Lys

Ile

Synthetic

Val

Gly

Ala

Thr

Lys

80

Ile
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-continued

<210> SEQ ID NO 26

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 26

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile Ala Ala Ile Gln Glu Cys
1 5 10 15

Ile Ala Arg Ile Gln Lys Ala Ile Tyr Ala Met Thr Gly Gly Ser Gly

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Arg Ala Ile Val Ser Gln Ile Ser Ala Ile Leu Ile Gln Ile
85 90 95

Gly Ala Met Thr Pro
100

<210> SEQ ID NO 27

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 27

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Arg Ile Gln Glu Val
1 5 10 15

Ile Ala Ser Ile Gln Lys Tyr Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Gly Ala Ile Val Thr Gln Ile Leu Ala Ile Ile Ser Gln Ile

Thr Ala Met Thr Pro
100

<210> SEQ ID NO 28

<211> LENGTH: 93

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 28

Gly Ser Ile Glu Gln Ile Gln Lys Ser Ile Ala Arg Ile Gln Glu Gly
1 5 10 15

Ile Ala Pro Ile Gln Lys Met Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
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82

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

Gln Ile Met Ala Ile Ala Gly Gln Ile Gly

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85 90

SEQ ID NO 29

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 29

Gly Ser Ile Glu Gln Ile Gln Lys Met Ile

1

Ile Ala Arg Ile Gln Lys Asp Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Gly Ala Ile Thr Arg Gln Ile Leu

85 90

Gly Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 30

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 30

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile

1

5 10

Ile Ala Arg Ile Gln Lys Thr Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Lys Ala Ile Arg Thr Gln Ile Phe

85 90

Tyr Ala Met Thr Pro

100

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Leu

Artificial Sequence:

Ala Pro Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Leu Val Gln
95

Artificial Sequence:

Ala Ser Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Phe Arg Gln
95

Ala

Thr

Lys
80

Synthetic

Leu

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Cys

Gly

Ala

Thr

Lys

80

Ile
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<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 31

Gly Ser Ile Glu Gln Ile Gln Lys Pro Ile Ala Leu Ile Gln Glu Ser
1 5 10 15

Ile Ala

<210> SEQ ID NO 32

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 32

Gly Ser Ile Glu Gln Ile Gln Lys Tyr Ile Ala Arg Ile Gln Glu Lys
1 5 10 15

Ile Ala Tyr Ile Gln Lys Met Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ile Ala Ile Gly Ser Gln Ile Leu Ala Ile Leu Asp Gln Ile
85 90 95

Tyr Ala Met Thr Pro
100

<210> SEQ ID NO 33

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 33

Gly Ser Ile Glu Gln Ile Gln Lys Leu Ile Ala Val Ile Gln Glu Tyr
1 5 10 15

Ile Ala Leu Ile Gln Lys Lys Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Lys Ala Ile Ala Thr Gln Ile Ser Ala Ile Ile Arg Gln Ile
85 90 95

Phe Ala Met Thr Pro
100
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<210> SEQ ID NO 34

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 34

Gly Ser Ile Glu Gln Ile Gln Lys Trp Ile Ala Gln Ile Gln Glu Asn
1 5 10 15

Ile Ala Asp Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Pro Ala Ile Ala Tyr Gln Ile Leu Ala Ile Ile Arg Gln Ile
85 90 95

Ser Ala Met Thr Pro
100

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 35

Gly Ser Ile Glu Gln Ile Gln Lys Trp Ile Ala Gly Ile Gln Glu Ala
1 5 10 15

Ile Ala

<210> SEQ ID NO 36

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 36

Gly Ser Ile Glu Gln Ile Gln Lys Leu Ile Ala Arg Ile Gln Glu Ser
1 5 10 15

Ile Ala Met Ile Gln Lys Lys Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ile Ala Ile Ala Lys Gln Ile Leu Ala Ile Val Ser Gln Ile
85 90 95

Lys Ala Met Thr Pro
100
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<210> SEQ ID NO 37

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 37

Gly Ser Ile Glu Gln Ile Gln Lys Leu Ile Ala Phe Ile Gln Glu Gly
1 5 10 15

Ile Ala Ser Ile Gln Lys
20

<210> SEQ ID NO 38

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 38

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile Ala Arg Ile Gln Glu Gly
1 5 10 15

Ile Ala Val Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Arg Ala Ile Val Arg Gln Ile Thr Ala Ile Met Thr Gln Ile
85 90 95

Phe Ala Met Thr Pro
100

<210> SEQ ID NO 39

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 39

Gly Ser Ile Glu Gln Ile Gln Lys Ala Ile Ala Arg Ile Gln Glu
1 5 10 15

<210> SEQ ID NO 40

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 40

Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Pro Ile Gln Glu Met
1 5 10 15

Ile Ala Ser Ile Gln Lys Val Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
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Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Met Ala Ile Ala Phe Gln Ile Phe Ala Ile Met Arg Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 41

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 41

Gly Ser Ile Glu Gln Ile Gln Lys Pro Ile Ala
1 5 10

<210> SEQ ID NO 42

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 42

Gly Ser Ile Glu Gln Ile Gln Lys
1 5

<210> SEQ ID NO 43

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 43

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile Ala Pro Ile Gln Glu Tyr
1 5 10 15

Ile Ala Ala Ile Gln Lys Ile Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ala Ala Ile Ala Ser Gln Ile Lys Ala Ile Val Thr Gln Ile
85 90 95

Val Ala Met Thr Pro
100
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<210> SEQ ID NO 44

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 44

Gly Ser Ile Glu Gln Ile Gln Lys Ile Ile Ala Gly Ile Gln Glu
1 5 10 15

<210> SEQ ID NO 45

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 45

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile Ala Ser Ile Gln Glu Ser
1 5 10 15

Ile Ala Arg Ile Gln Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys

Gln Ile Thr Ala Ile Ala Arg Gln Ile Val Ala Ile Ile Val Gln Ile
85 90 95

Thr Ala Met Thr Pro
100

<210> SEQ ID NO 46

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 46

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile Ala Ala Ile Gln Glu Tyr
1 5 10 15

Ile Ala Thr Ile Gln Lys
20

<210> SEQ ID NO 47

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 47

Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Ile Ile Gln Glu Thr
1 5 10 15

Ile Ala Tyr Ile Gln Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
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Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Thr Ala Ile Ala Arg Gln Ile Thr Ala Ile Ile Ala Gln Ile
85 90 95

Phe Ala Met Thr Pro
100

<210> SEQ ID NO 48

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 48

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile Ala
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 49

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Pro Ile Gln Glu Tyr
1 5 10 15

Ile Ala Ile Ile Gln Lys Tyr Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ser Ala Ile Met Arg Gln Ile Tyr Ala Ile Ile Ser Gln Ile
85 90 95

Gln Ala Met Thr Pro
100

<210> SEQ ID NO 50

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 50

Gly Ser Ile Glu Gln Ile Gln Lys Leu Ile Ala Ser Ile Gln Glu Tyr
1 5 10 15

Ile Ala Thr Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
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Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ser Ala Ile Met Ile Gln Ile Asn Ala Ile Leu Gly Gln Ile
85 90 95

Phe Ala Met Thr Pro
100

<210> SEQ ID NO 51

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 51

Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Val Ile Gln Glu Thr
1 5 10 15

Ile Ala

<210> SEQ ID NO 52

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 52

Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile Ala Xaa Ile Gln Glu Ala
1 5 10 15

Ile Ala Xaa Ile Gln Lys Val Ile Tyr Ala Met Thr Gly Gly Ser Gly

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile

<210> SEQ ID NO 53

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (86)..(86)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (94)..(94)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (97)..(97)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 53

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala Tyr Ile Gln Glu Ala
1 5 10 15

Ile Ala Arg Ile Gln Lys Trp Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Gly Ala Ile Xaa Met Gln Ile Leu Ala Ile Phe Xaa Gln Ile
85 90 95

Xaa Ala Met Thr Pro
100

<210> SEQ ID NO 54

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 54

Gly Ser Ile Glu Gln Ile Gln Lys Lys Ile Ala Gly Ile Gln Glu Val
1 5 10 15

Ile Ala Leu Ile Gln Lys Phe Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Arg Ala Ile Ser Ser Gln Ile Gln Ala Ile Val Leu Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 55

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
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<400> SEQUENCE: 55

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile Ala Ala Ile Gln Glu Tyr
1 5 10 15

Ile Ala Thr Ile Gln Lys
20

<210> SEQ ID NO 56

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 56

Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Pro Ile Gln Glu Pro
1 5 10 15

Ile Ala

<210> SEQ ID NO 57

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 57

Gly Ser Ile Glu Gln Ile Gln Lys Ala Ile Ala Lys Ile Gln Glu Thr
1 5 10 15

Ile Ala Phe Ile Gln Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Thr Ala Ile Ala Gly Gln Ile Tyr Ala Ile Leu Gln Gln Ile
85 90 95

Phe Ala Met Thr Pro
100

<210> SEQ ID NO 58

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Any amino acid
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<400> SEQUENCE: 58

Gly Xaa Ile Glu Xaa Ile Xaa Lys
1 5

<210> SEQ ID NO 59

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 59

Gly Ser Ile Glu Gln Ile Gln Lys
1 5

<210> SEQ ID NO 60

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (83)..(83)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (94)..(94)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 60

Gly Ser Ile Glu Gln Ile Gln Lys Xaa Ile Ala Trp Ile Gln Glu Tyr
1 5 10 15

Ile Ala Xaa Ile Gln Lys Xaa Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Xaa Ala Ile Ala Thr Gln Ile Leu Ala Ile Val Xaa Gln Ile
85 90 95

Val Ala Met Thr Pro
100

<210> SEQ ID NO 61

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
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<400> SEQUENCE: 61

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile Ala Met Ile Gln Glu Val
1 5 10 15

Ile Ala

<210> SEQ ID NO 62

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 62

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala
1 5 10

<210> SEQ ID NO 63

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (38)..(38)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (41)..(41)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (50)..(50)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (66)..(66)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (72)..(72)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (75)..(75)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (79)..(79)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (94)..(94)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 63

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Xaa Ile Gln Glu Tyr
1 5 10 15

Ile Ala Gly Ile Gln Lys Xaa Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
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Gly Ser Gly Gly Gly Xaa Ile Glu Xaa Ile

Ile Xaa Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Xaa Gly Gly Gly Gly Ser Xaa Gly Ser

65

70

Gln Ile Arg Ala Ile Thr Ser Gln Ile Trp

85 90

Ile Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

100

SEQ ID NO 64

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of

polypeptide

FEATURE:

NAME/KEY: MOD_RES
LOCATION: (12)..(12)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (19)..(19)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (45)..(45)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (48)..(48)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (68)..(68)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (87)..(87)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (90)..(90)

OTHER INFORMATION: Any amino acid
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (94)..(94)

OTHER INFORMATION: Any amino acid

SEQUENCE: 64

Gly Ser Ile Glu Gln Ile Gln Lys Tyr Ile

1

5 10

Ile Ala Xaa Ile Gln Lys Leu Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Xaa Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Ser Ala Ile Ile Xaa Gln Ile Xaa

85 90

Pro Ala Met Thr Pro

100

Gln Lys
Gln Ile
60

Xaa Glu
75

Ala Ile

Artificial Sequence:

Ala Xaa

Met Thr

Gln Lys

Gln Ile
60

Ile Glu
75

Ala Ile

Gln
45
Tyr

Gln

Ile

Ile

Gly

Xaa

45

Tyr

Gln

Leu

Ile

Ala

Ile

Xaa

Gln

Gly

30

Ile

Ala

Ile

Xaa

Ala

Met

Xaa

Gln
95

Glu

15

Ser

Ala

Met

Gln

Gln
95

Ala

Thr

Lys

80

Ile

Synthetic

Thr

Gly

Xaa

Thr

Lys

80

Ile
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<210> SEQ ID NO 65

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 65

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Gln Ile Gln Glu
1 5 10 15

<210> SEQ ID NO 66

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 66

Gly Ser Ile Glu Gln Ile Gln Lys Trp Ile Ala Leu Ile Gln Glu Lys
1 5 10 15

Ile Ala Arg Ile Gln Lys Asp Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Asn Ala Ile Ala Gly Gln Ile Leu Ala Ile Ala Thr Gln Ile
85 90 95

Met Ala Met Thr Pro
100

<210> SEQ ID NO 67

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 67

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Ser Ile Gln Glu Arg
1 5 10 15

Ile Ala Xaa Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80
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Gln Ile Gly Ala Ile Met Leu Gln Ile Met Ala Ile Ile Arg Gln Ile
85 90 95

Pro Ala Met Thr Pro
100

<210> SEQ ID NO 68

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 68

Gly Ser Ile Glu Gln Ile Gln Lys Arg Ile Ala Gly Ile Gln Glu Tyr
1 5 10 15

Ile Ala Lys Ile Gln Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Ser Ala Ile Ser Arg Gln Ile Val Ala Ile Val Ser Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 69

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 69

Gly Ser Ile Glu Gln Ile Gln Lys Asn Ile Ala Pro Ile Gln Glu Val
1 5 10 15

Ile Ala Arg Ile Gln Lys Cys Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile

<210> SEQ ID NO 70

<211> LENGTH: 86

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<400>

SEQUENCE: 70

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile

1

Ile Ala Asn Ile Gln Lys Gly Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Arg Ala Ile Gly

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85

SEQ ID NO 71

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 71

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile

1

Ile Ala Val Ile Gln Lys Met Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Ser Ala Ile Arg Ser Gln Ile Leu

85 90

Phe Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 72

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 72

Gly Ser Ile Glu Gln Ile Gln Lys Thr Ile

1

5 10

Ile Ala Trp Ile Gln Lys Val Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Ala Trp Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Artificial Sequence:

Ala Arg Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Ile Arg Gln
95

Artificial Sequence:

Ala Lys Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ser

Gly

Ala

Thr

Lys
80

Synthetic

Pro

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Arg

Gly

Ala

Thr

Lys
80
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Gln Ile Lys Ala Ile Ser Tyr Gln Ile Ile Ala Ile Met Arg Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 73

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 73

Gly Ser Ile Glu Gln Ile Gln Lys His Ile Ala
1 5 10

<210> SEQ ID NO 74

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 74

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala Trp Ile Gln Glu Ser
1 5 10 15

Ile Ala Ser Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Gln Ala Ile Ala Asn Gln Ile Thr Ala Ile Val Arg Gln Ile

Ile Ala Met Thr Pro
100

<210> SEQ ID NO 75

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 75

Gly Ser Ile Glu Gln Ile Gln Lys Val Ile Ala
1 5 10

<210> SEQ ID NO 76

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (15)..(16)

<223> OTHER INFORMATION: Any amino acid
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-continued
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (43)..(44)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (48)..(48)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (66)..(67)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (77)..(77)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (79)..(79)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (86)..(86)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (90)..(90)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (93)..(93)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (98)..(98)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (101)..(101)
<223> OTHER INFORMATION: Any amino acid
<400> SEQUENCE: 76
Gly Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Ala Ile Gln Xaa Xaa
1 5 10 15
Ile Ala Met Ile Xaa Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Xaa Xaa Gln Ile Ala Xaa
35 40 45
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60
Gly Xaa Xaa Gly Gly Gly Ser Gly Gly Ser Ile Glu Xaa Ile Xaa Lys
65 70 75 80
Gln Ile Thr Ala Ile Xaa Thr Gln Ile Xaa Ala Ile Xaa Ser Gln Ile
85 90 95
Leu Xaa Met Thr Xaa
100
<210> SEQ ID NO 77
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>

polypeptide

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic
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<400> SEQUENCE: 77

Gly Ser Ile Glu Gln Ile Gln Lys Cys Ile Ala Phe Ile Gln Glu Arg
1 5 10 15

Ile Ala Gly Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Phe Ala Ile Gly Lys Gln Ile Phe Ala Ile Val Lys Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 78

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 78

Gly Ser Ile Glu Gln Ile Gln Lys Pro Ile Ala Ala Ile Gln Glu Lys
1 5 10 15

Ile Ala Arg Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly
20 25 30

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
35 40 45

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
50 55 60

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
65 70 75 80

Gln Ile Met Ala Ile Asn Arg Gln Ile Leu Ala Ile Leu Arg Gln Ile
85 90 95

Leu Ala Met Thr Pro
100

<210> SEQ ID NO 79

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 79

Gly Ser Ile Glu Gln Ile Gln Lys Tyr Ile Ala
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<400>

SEQUENCE: 80

Gly Ser Ile Glu Gln Ile Gln Lys Phe Ile

1

Ile Ala Ser Ile Gln Lys Val Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Gly Ala Ile Ala Ala Gln Ile Ile

85 90

Val Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 81

LENGTH: 101

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 81

Gly Ser Ile Glu Gln Ile Gln Lys Lys Ile

1

5 10

Ile Ala Leu Ile Gln Lys Gly Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser

65

70

Gln Ile Ser Ala Ile Ala Ala Gln Ile Ser

85 90

Met Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 82

LENGTH: 82

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 82

Gly Ser Ile Glu Gln Ile Gln Lys Asn Ile

1

5 10

Ile Ala Met Ile Gln Lys Leu Ile Tyr Ala

20 25

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile

35 40

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

50

55

Ala Ser Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Val Glu Gln
95

Artificial Sequence:

Ala Tyr Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Ile Glu Gln Ile Gln
75

Ala Ile Ile Lys Gln
95

Artificial Sequence:

Ala Trp Ile Gln Glu
15

Met Thr Gly Gly Ser
30

Gln Lys Gln Ile Ala
45

Gln Ile Tyr Ala Met
60

Cys

Gly

Ala

Thr

Lys
80

Ile

Synthetic

Met

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Arg

Gly

Ala

Thr
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Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys

65

Gln

70 75

Ile

<210> SEQ ID NO 83

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 83

Gly
1

Ser Ile Glu Gln Ile Gln Lys Leu Ile Ala Arg Ile Gln Glu
5 10 15

<210> SEQ ID NO 84

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<400> SEQUENCE: 84

Gly
1
Ile
Gly
Ile
Gly
65

Gln

Trp

Ser Ile Glu Gln Ile Gln Lys Gly Ile Ala Ala Ile Gln Glu
5 10 15

Ala Thr Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser
20 25 30

Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala
Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met
50 55 60

Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln
70 75

Ile Arg Ala Ile Thr Ile Gln Ile Ile Ala Ile Ile Gln Gln
85 90 95

Ala Met Thr Pro
100

<210> SEQ ID NO 85

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: Any amino acid

OTHER INFORMATION: Description of Artificial Sequence:

80

Synthetic

Synthetic

Trp

Gly

Ala

Thr

Lys

80

Ile

Synthetic
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123

-continued

124

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (83)..(83)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (86)..(87)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (90)..(90)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (93)..(94)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (97)..(97)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 85

Gly

1

Ile

Gly

Ile

Gly

Gln

Xaa

Ser Ile Glu Gln Ile Gln Lys Xaa Ile Ala Xaa Ile Gln Glu
Ala Xaa Ile Gln Lys Xaa Ile Tyr Ala Met Thr Gly Gly Ser
20 25 30

Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala
35 40 45

Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met
50 55 60

Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln
Ile Xaa Ala Ile Xaa Xaa Gln Ile Xaa Ala Ile Xaa Xaa Gln
85 90 95

Ala Met Thr Pro
100

<210> SEQ ID NO 86

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

6xHis tag

<400> SEQUENCE: 86

His
1

His His His His His
5

<210> SEQ ID NO 87

<211> LENGTH: 89

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 87

Ile
1

Gly

Gln Glu Trp Ile Ala Arg Xaa Gln Lys Ser Ile Tyr Ala Met
5 10 15

Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln
20 25 30

Xaa

Gly

Ala

Thr

Lys

80

Ile

Synthetic

Synthetic

Thr

Lys
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-continued

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile
35 40 45

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu
50 55 60

Gln Ile Gln Lys Gln Ile Arg Ala Ile Ser Glu Gln Ile Val Ala Ile
65 70 75 80

Met Leu Gln Ile Met Ala Met Thr Pro
85

<210> SEQ ID NO 88

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 88

Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile
1 5 10 15

Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala
20 25 30

Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser
35 40 45

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ser Ala Ile Val Gln
50 55 60

Gln Ile Met Ala Ile Phe Ala Gln Ile Thr Ala Met Thr Pro
65 70 75

<210> SEQ ID NO 89

<211> LENGTH: 85

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 89

Ile Ala Leu Ile Gln Lys Ser Ile Tyr Ala Met Thr Gly Gly Ser Gly
1 5 10 15

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
20 25 30

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
35 40 45

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
50 55 60

Gln Ile Ala Ala Ile Ala Arg Gln Ile Phe Ala Ile Ile Asn Gln Ile
65 70 75 80

Thr Ala Met Thr Pro
85

<210> SEQ ID NO 90

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<400> SEQUENCE: 90

Ile Gln Lys Gly Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly
1 5 10 15

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly
35 40 45

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Trp
50 55 60

Ala Ile Ser Gln Gln Ile Thr Ala Ile Val Ile Gln Ile Phe Ala Met
65 70 75 80

Thr Pro

<210> SEQ ID NO 91

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 91

Ala Ile Gly Ser Gln Ile Thr Ala Ile Val Arg Gln Ile Leu Ala Met
1 5 10 15

Thr Pro

<210> SEQ ID NO 92

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 92

Gln Ile Arg Ala Met Thr Pro
1 5

<210> SEQ ID NO 93

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (67)..(67)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 93

Ile Gln Lys Tyr Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly
1 5 10 15

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly
35 40 45

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Phe
50 55 60
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130

-continued

Ala Ile Xaa Arg Gln Ile Met Ala Ile Leu Arg Gln Ile Asn Ala Met

65 70

Thr Pro

<210> SEQ ID NO 94

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE: 94

Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly
1 5 10

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln
20 25

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr
35 40

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln
50 55

Ala Ile Arg Ser Gln Ile Arg Ala Ile Leu
65 70

Thr Pro

<210> SEQ ID NO 95

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE: 95

Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly
1 5 10

Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile
20 25

Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly
35 40

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln
50 55

Gln Ile Met Ala Ile Leu Gln Gln Ile Lys
65 70

<210> SEQ ID NO 96

<211> LENGTH: 85

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE: 96

Ile Ala Ile Ile Gln Lys Lys Ile Tyr Ala
1 5 10

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile
20 25

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
35 40

75

80

Artificial Sequence: Synthetic

Gly Ser

Ile Ala

Ala Met

Ile Gln

60

Ser Gln
75

Gly

Ala

Thr

45

Lys

Ile

Gly

Ile

30

Gly

Gln

Ile

Ser Gly

15

Gln Lys

Ser Gly

Ile Arg

Ala Met
80

Artificial Sequence: Synthetic

Ser Gly

Gln Lys

Ser Gly

Ile Ala

60

Ala Met
75

Gly

Gln

Gly

Ala

Thr

Gly

Ile

30

Gly

Ile

Pro

Ser Ile
15

Ala Ala

Gly Ser

Gly Asn

Artificial Sequence: Synthetic

Met Thr Gly Gly Ser Gly

15

Gln Lys Gln Ile Ala Ala

30

Gln Ile Tyr Ala Met Thr

45
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Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
50 55 60

Gln Ile Val Ala Ile Ile Ala Gln Ile Ala Ala Ile Ile Pro Gln Ile
65 70 75 80

Ile Ala Met Thr Pro
85

<210> SEQ ID NO 97

<211> LENGTH: 89

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 97

Ile Gln Glu Arg Ile Ala Trp Ile Gln Lys Arg Ile Tyr Ala Met Thr
1 5 10 15

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys
20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile
35 40 45

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu
50 55 60

Gln Ile Gln Lys Gln Ile Glu Ala Ile Thr Gly Gln Ile Val Ala Ile
65 70 75 80

Val Phe Gln Ile Tyr Ala Met Thr Pro
85

<210> SEQ ID NO 98

<211> LENGTH: 92

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 98

Ile Ala Lys Ile Gln Glu Phe Ile Ala Arg Ile Gln Lys Val Ile Tyr
1 5 10 15

Ala Met Thr Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln
20 25 30

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln
35 40 45

Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly
50 55 60

Ser Ile Glu Gln Ile Gln Lys Gln Ile Cys Ala Ile Ala Val Gln Ile
65 70 75 80

Asp Ala Ile Leu Gly Gln Ile Leu Ala Met Thr Pro
85 90

<210> SEQ ID NO 99

<211> LENGTH: 85

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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134

-continued
<400> SEQUENCE: 99
Ile Ala Leu Ile Gln Lys Ala Ile Tyr Ala Met Thr Gly Gly Ser Gly
1 5 10 15
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
20 25 30
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
35 40 45
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
50 55 60
Gln Ile Tyr Ala Ile Gly Leu Gln Ile Leu Ala Ile Met Asn Gln Ile
65 70 75 80
Trp Ala Met Thr Pro
85

<210> SEQ ID NO 100
<211> LENGTH: 78
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 100

Ile

1

Glu

Ile

Gly

Gln
65

Tyr Ala Met Thr Gly Gly Ser Gly Gly

Gl

Gl

Gl

50

Il

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

Gly

Gln

Tyr

Gln
65

Gl

Gl

Il

Al

50

Il

Se

5 10

n Ile Gln Lys Gln Ile Ala Ala Ile
20 25

n Lys Gln Ile Tyr Ala Met Thr Gly
35 40

y Ser Ile Glu Gln Ile Gln Lys Gln
55

e Ile Ala Ile Val Asn Gln Ile Lys
70

SEQ ID NO 101

LENGTH: 89

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 101

n Glu Pro Ile Ala Ile Ile Gln Lys
5 10

vy Ser Gly Gly Ser Gly Gly Gly Ser
20 25

e Ala Ala Ile Gln Lys Gln Ile Ala
35 40

a Met Thr Gly Ser Gly Gly Gly Gly
55

e Gln Lys Gln Ile Lys Ala Ile Thr
70

r Gln Ile Trp Ala Met Thr Pro
85

Ser Gly

Xaa Lys

Ser Gly

Ile Gly

60

Ala Met
75

Gly

Gln

Gly

45

Ala

Thr

Gly

Ile

30

Gly

Ile

Pro

Ser Ile
15
Ala Ala

Gly Ser

Ala Tyr

Artificial Sequence: Synthetic

Arg Ile

Ile Glu

Ala Ile

Ser Gly

60

Ser Gln
75

Tyr

Gln

Gln

45

Gly

Ile

Ala

Ile

30

Lys

Ser

Ser

Met Thr

15

Gln Lys

Gln Ile

Ile Glu

Ala Ile
80
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<210> SEQ ID NO 102

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 102

Ile Gln Lys Ile Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly
1 5 10 15

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly
35 40 45

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Leu
50 55 60

Ala Ile Ala Gln Gln Ile His Ala Ile Val Ser Gln Ile Val Ala Met
65 70 75 80

Thr Pro

<210> SEQ ID NO 103

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 103

Ala Ile Trp Glu Gln Ile Ala Ala Ile Leu Lys Gln Ile Val Ala Met
1 5 10 15

Thr Pro

<210> SEQ ID NO 104

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 104

Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile
1 5 10 15

Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala
20 25 30

Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser
35 40 45

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Gly Ala Ile Ala Tyr
50 55 60

Gln Ile Ile Ala Ile Val Asn Gln Ile Lys Ala Met Thr Pro
65 70 75

<210> SEQ ID NO 105

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide



US 9,315,805 B2
137 138

-continued

<400> SEQUENCE: 105

Ile Gln Lys Leu Ile Tyr Ala Met Thr Gly Gly Ser Gly Gly Ser Gly
1 5 10 15

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys
20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly
35 40 45

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile
50 55 60

<210> SEQ ID NO 106

<211> LENGTH: 92

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (29)..(29)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (50)..(50)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (70)..(70)

<223> OTHER INFORMATION: Any amino acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (81)..(81)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 106

Ile Ala Gly Ile Gln Glu Trp Ile Ala Pro Ile Xaa Lys Arg Ile Tyr
1 5 10 15

Ala Met Thr Gly Gly Ser Gly Gly Ser Gly Gly Gly Xaa Ile Glu Gln
20 25 30

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln
35 40 45

Lys Xaa Ile Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly
50 55 60

Ser Ile Glu Gln Ile Xaa Lys Gln Ile Ser Ala Ile Ile Asp Gln Ile
65 70 75 80

Xaa Ala Ile Phe Ala Gln Ile Ile Ala Met Thr Pro
85 90

<210> SEQ ID NO 107

<211> LENGTH: 92

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 107

Ile Ala Gly Ile Gln Glu Trp Ile Ala Pro Ile Gln Lys Arg Ile Tyr
1 5 10 15

Ala Met Thr Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln
20 25 30
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140

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys

35 40

Lys Gln Ile Tyr Ala Met Thr Gly Ser Gly

50

55

Ser Ile Glu Gln Ile Gln Lys Gln Ile Ser

65

70

Arg Ala Ile Phe Ala Gln Ile Ile Ala Met

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85 90

SEQ ID NO 108

LENGTH: 82

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 108

Ile Gln Lys Asn Ile Tyr Ala Met Thr Gly

1

5 10

Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln

20 25

Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr

35 40

Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln

50

55

Ala Ile Arg Glu Gln Ile Lys Ala Ile Leu

65

70

Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 109

LENGTH: 89

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 109

Ile Gln Glu Pro Ile Ala Asn Ile Gln Lys

1

5 10

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser

20 25

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala

35 40

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly

50

55

Gln Ile Gln Lys Gln Ile Glu Ala Ile Thr

65

70

Ile Thr Gln Ile Trp Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

85

SEQ ID NO 110

LENGTH: 85

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

Gln Ile Ala Ala Ile
45

Gly Gly Gly Ser Gly
60

Ala Ile Ile Asp Gln
75

Thr Pro

Artificial Sequence:

Gly Ser Gly Gly Ser
15

Ile Ala Ala Ile Gln
30

Ala Met Thr Gly Ser
45

Ile Gln Lys Gln Ile
60

His Gln Ile Thr Ala
75

Artificial Sequence:

Arg Ile Tyr Ala Met
15

Ile Glu Gln Ile Gln
30

Ala Ile Gln Lys Gln
45

Ser Gly Gly Ser Ile
60

Asn Gln Ile Trp Ala
75

Gln

Gly

Ile
80

Synthetic

Gly

Lys

Gly

Arg

Met
80

Synthetic

Thr

Lys

Ile

Glu

Ile
80

Synthetic
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<400> SEQUENCE: 110

Ile Ala Met Ile Gln Lys Ala Ile Tyr Ala Met Thr Gly Gly Ser Gly
1 5 10 15

Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
20 25 30

Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
35 40 45

Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
50 55 60

Gln Ile Arg Ala Ile Ile Met Gln Ile Ser Ala Ile Phe Asn Gln Ile
65 70 75 80

Phe Ala Met Thr Pro
85

<210> SEQ ID NO 111

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 111

Ala Ile Ser Ser Gln Ile Arg Ala Ile Leu Thr Gln Ile Leu Ala Met
1 5 10 15

Thr Pro

<210> SEQ ID NO 112

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 112

Gln Ile Ile Ala Ile Val Glu Gln Ile Trp Ala Met Thr Pro
1 5 10

<210> SEQ ID NO 113

<211> LENGTH: 89

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 113

Ile Gln Glu Lys Ile Ala Trp Ile Gln Lys Leu Ile Tyr Ala Met Thr
1 5 10 15

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys
20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile
35 40 45

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu
50 55 60

Gln Ile Gln Lys Gln Ile Ser Ala Ile Ile Gly Gln Ile Tyr Ala Ile
65 70 75 80

Ala Ser Gln Ile Met Ala Met Thr Pro
85
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 114

LENGTH: 89

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

SEQUENCE: 114

Ile Gln Glu Tyr Ile Ala Trp Ile Gln Lys Ser Ile Tyr Ala Met Thr

1

5 10 15

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys

20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile

35 40 45

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu

50

55 60

Gln Ile Gln Lys Gln Ile Arg Ala Ile Ala Met Gln Ile Glu Ala Ile

65

70 75 80

Ile Thr Gln Ile Arg Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85

SEQ ID NO 115

LENGTH: 89

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

SEQUENCE: 115

Ile Gln Glu Lys Ile Ala Trp Ile Gln Lys Met Ile Tyr Ala Met Thr

1

5 10 15

Gly Gly Ser Gly Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys

20 25 30

Gln Ile Ala Ala Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile

35 40 45

Tyr Ala Met Thr Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu

50

55 60

Gln Ile Gln Lys Gln Ile Val Ala Ile Ser Phe Gln Ile Trp Ala Ile

65

70 75 80

Val Arg Gln Ile Thr Ala Met Thr Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85

SEQ ID NO 116

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

SEQUENCE: 116

Ala Ile Ile Tyr Gln Ile Val Ala Ile Ile Arg Gln Ile Pro Ala Met

1

5 10 15

Thr Pro

<210>
<211>
<212>
<213>

SEQ ID NO 117

LENGTH: 85

TYPE: PRT

ORGANISM: Artificial Sequence
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145

146

-continued

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 117
Ile Ala Leu Ile Gln Lys Arg Ile Tyr Ala Met Thr Gly Gly Ser Gly
1 5 10 15
Gly Ser Gly Gly Gly Ser Ile Glu Gln Ile Gln Lys Gln Ile Ala Ala
20 25 30
Ile Gln Lys Gln Ile Ala Ala Ile Gln Lys Gln Ile Tyr Ala Met Thr
35 40 45
Gly Ser Gly Gly Gly Gly Ser Gly Gly Ser Ile Glu Gln Ile Gln Lys
50 55 60
Gln Ile Val Ala Ile Met Tyr Gln Ile Tyr Ala Ile Ile Lys Gln Ile
65 70 75 80
Trp Ala Met Thr Pro
85
<210> SEQ ID NO 118
<211> LENGTH: 18
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
<400> SEQUENCE: 118
Ala Ile Ala Asn Gln Ile Arg Ala Ile Ile Asn Gln Ile Met Ala Met

1 5 10

Thr Pro

15

The invention claimed is:
1. A method for the production of one or more single-chain
Alphabody polypeptides,

wherein said method at least comprises the steps of:

a) producing a single-chain Alphabody library comprising
at least 100 different single-chain Alphabody polypep-
tides,

each of said single-chain Alphabody polypeptides having
the general formula HRS1-L1-HRS2-[.2-HRS3,
wherein

each of HRS 1, HRS2 and HRS3 is independently a heptad
repeat sequence (HRS) consisting of 2 to 7 consecutive
heptad repeat units, at least 50% of all heptad a- and
d-positions are occupied by isoleucine residues, each
HRS starts and ends with an aliphatic or aromatic amino
acid residue located at either a heptad a- or d-position,
and HRS1, HRS2and HRS3 together form a triple-
stranded, alpha-helical, coiled coil structure; and

each of L1 and L2 is independently a linker fragment,
which covalently connects HRS1 to HRS2 and HRS2 to
HRS3, respectively, and consisting of at least 4 amino
acid residues, preferably at least 50% of which are
selected from the group proline, glycine, serine;

wherein said Alphabody polypeptides differ from each
other in at least one of a defined set of 5 to 20 variegated
amino acid residue positions, and wherein at least 70%
but not all of said variegated amino acid residue posi-
tions are located either:

(1) at heptad e-positions in a first alpha-helix of the Alpha-
body polypeptides and at heptad g-positions in a second
alpha-helix, and optionally at heptad b-positions in said

40

45

50

55

60

65

first alpha-helix of the Alphabody polypeptides and/or at
heptad c-positions in said second alpha-helix of the
Alphabody polypeptides, or

(i) atheptad b-, c- and f-positions in one alpha-helix of the
Alphabody polypeptides, or

(iii) at positions in a linker fragment connecting two con-
secutive alpha-helices of the Alphabody polypeptides

or a mixture of between two and six of said single-chain
Alphabody libraries,

b) selecting one or more single-chain Alphabody polypep-
tides having detectable binding affinity for a target mol-
ecule of interest, or detectable in vitro activity on a target
molecule or cell of interest, and

c¢) isolating said one or more single-chain Alphabody
polypeptides.

2. The method according to claim 1, wherein said step of

selecting one or more single-chain Alphabody polypeptides
having detectable binding affinity for a target molecule of
interest, comprises:

a) contacting said target molecule of interest with said
single-chain Alphabody library or with a mixture of
between two and six of said single-chain Alphabody
libraries,

b) identifying from said single-chain Alphabody library or
mixture of single-chain Alphabody libraries being con-
tacted with said target molecule of interest, the one or
more single-chain Alphabody polypeptides having
detectable binding affinity for said target molecule of
interest, and optionally

¢) determining the amino acid or nucleotide sequence of
said one or more single-chain Alphabody polypeptides
having detectable binding affinity for said target mol-
ecule of interest.
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3. The method according to claim 2, wherein said Alpha-
body library or mixture of Alphabody libraries is further
enriched for single-chain Alphabody polypeptides having
detectable binding affinity for said target molecule of interest
by iterative execution of steps a) and b).

4. The method according to claim 1, wherein said step of
selecting one or more single-chain Alphabody polypeptides
having detectable in vitro activity on a target molecule or cell
of interest, comprises:

al) expressing said single-chain Alphabody library or a
mixture of between two and six of said single-chain
Alphabody libraries in said target cells of interest, or

a2) contacting said single-chain Alphabody library or mix-
ture of between two and six of said single-chain Alpha-
body libraries with said target cells of interest,

b) identifying from said expressed single-chain Alphabody
library or mixture of single-chain Alphabody libraries,
the one or more single-chain Alphabodies having detect-
able in vitro activity on said target molecule or cell of
interest, and optionally

¢) determining the amino acid or nucleotide sequence of
said one or more single-chain Alphabody polypeptides
having detectable in vitro activity on said target mol-
ecule or cell of interest.

5. The method according to claim 1, which further com-
prises step d) of amplifying said one or more single-chain
Alphabody polypeptides having detectable binding affinity
for, or detectable in vitro activity on, a target protein or cell of
interest.
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